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CAUSAL  FACTORS  IN  SHORTENING  TOOTH 
SERIES  WITH  AGE‘ 

HORACE  ELMER  WOOD,  2ND,  Ph.D. 

Department  of  Biology,  University  of  Newark 

The  shortening  of  a  functional  tooth  series  with  age  depends  on  the 
following  factors:  1.  Loss  of  individual  teeth  (too  self-evident  to 
require  further  discussion).  2.  An  erupting  tooth  pressing  against 
an  already  erupted  neighbor.  3.  Crown  wear  on  a  tooth  tapering 
toward  the  cervical  line,  thus  decreasing  its  diameter.  Closing  ranks 
usually  but  not  always  follows,  preserving  contact  by  gradual  shift 
of  the  roots  through  the  bone.  4.  Wear  on  interstitial  surfaces  of 
adjoining  erupted  teeth  due  to  movement  in  their  sockets  during 
mastication,  which  can  continue  over  any  considerable  time  only 
when  tooth  drift  maintains  interproximal  contact. 

In  man,  the  entire  upper  or  lower  dentition  is  a  functional  series. 
In  the  great  majority  of  mammals,  however,  a  long  diastema  separates 
the  anterior  teeth  (incisors  and  canines)  from  the  cheek  teeth  (pre¬ 
molars  and  molars),  so  that  there  are  three  functional  series  in  each 
jaw,  the  front  teeth  and  the  two  sets  of  check  teeth.  Demonstration 
of  the  foregoing  summary  requires  the  correlation  of  evidence*  from 
the  fields  of  dentistry,  comparative  anatomy  and  vertebrate  pale¬ 
ontology,  including  a  striking  case  among  the  extinct  rhinoceroses. 
To  avoid  a  confused  presentation,  each  semi-independent  factor  is 
discussed  separately,  and  an  attempt  is  made  to  give  credit  for  genuine 
advances  in  knowledge  under  each  heading. 

*  Assisted  by  a  grant  from  the  Penrose  Fund  of  the  American  Philosophical  Society 
in  Philadelphia. 

*  I  take  pleasure  in  acknowledging  the  kindest  assistance,  criticism  and  encourage¬ 
ment  from  Dr.  Edmund  Applebaum  of  Columbia  University  School  of  Dental  and  Oral 
Surgery.  I  am  also  indebted  for  criticism  to  Drs.  C.  F.  Bddecker,  M.  Diamond,  W.  K. 
Gregory,  M.  Heilman,  and  A.  E.  and  F.  D.  Wood.  The  Department  of  Vertebrate 
Paleontology  of  the  American  Museum  of  Natural  History  through  Dr.  Walter  Granger 
has  permitted  the  use  of  the  specimens  referred  to  in  this  paper. 
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INTERPROXIMAL  WEAR  DURING  ERUPTION 

Wallace  (1912)  almost  formulated  the  concept  of  interproximal 
wear  during  eruption,  by  pointing  out  that  when  a  human  molar  is 
below  a  neighbor,  “the  approximal  aspect  of  the  higher  tooth  is 
almost  invariably  first  and  most  rapidly  attacked  by  caries,  the  thick 
rounded  cusp  of  the  lower  tooth  bruising  the  relatively  thin  enamel 
of  the  neighboring  tooth.”  As  wear  during  eruption  is  a  much  briefer 
process  in  man  than  in  those  mammals  with  high-crowned  teeth,  it 
is  not  surprising  that  Teriaev  should  have  advanced  beyond  Wallace 
by  demonstrating  this  factor  in  Elasmotherium,  a  peculiar  extinct 
Eurasiatic  rhinoceros  with  enormous,  high-crowned  cheek  teeth  having 
a  superficial  resemblance  to  those  of  modem  horses.  Teriaev  (1929, 
pp.  479-480)  shows  that  each  erupting  molar  cuts  into  the  distal 
surface  of  the  tooth  ahead,  grinding  away  considerable  portions  of  the 
ridges  and  cusps  of  both  teeth  and  leaving  the  cut  enamel  and  dentin 
polished  like  a  mirror. 

CHANGE  OF  TOOTH  DIAMETER  THROUGH  CROWN  WEAR 

The  reduction  of  the  mesio-distal  diameter  by  attrition  of  over¬ 
hanging  portions  of  the  crown  is  much  less  noticeable  in  man  than  in 
various  other  mammals,  such  as  horses,  rhinoceroses  and  ruminants. 
Hence  it  is  natural  that  this  factor  was  demonstrated  by  a  paleon¬ 
tologist.  Gidley  (1901,  p.  96-101)  showed  that  the  diameters  of 
recent  and  fossil  horse  teeth  vary  markedly  at  different  vertical  levels 
and  that  the  shortening  by  crown  wear  “of  the  antero-posterior  di¬ 
ameters  of  all  the  other  teeth  in  the  series,  except  p*,  is  not  nearly 
compensated  by  the  lengthening  of  this  diameter  in  m*,  hence  . . .  [the 
series]  becomes  much  shortened  and  the  teeth  from  behind  crowd 
forward  toward  p®  which  retains  the  same  relative  position.”  The 
increased  space  with  age  between  M3  and  the  coronoid  process  is  also 
a  familiar  phenomenon.  Removal  of  crown  overhang  has  also  been 
stressed  by  Bodecker  (1925)  for  man,  Schumacher  (1928  and  1929) 
for  chamois  and  deer,  and  Gottlieb  and  Orban  (1936)  for  pig  and  man. 
This  factor  differs  in  importance,  principally  according  to  the  angle 
and  extent  of  crown  overhand:  thus  it  is  more  effective  in  the  fossil 
rhinoceros,  Metamynodon,  than  in  ruminants,  and  more  effective  in 
them  than  in  man.  It  is  more  effective  in  human  incisors,  especially 
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those  narrowing  rapidly  toward  the  gingiva,  than  in  human  premolars 
and  molars. 

TOOTH  DRIFT 

Various  names  have  been  applied  to  this  phenomenon:  closing 
ranks,  tooth  wandering,  drift,  median  drift,  etc.  In  view  of  claims  to 
credit  for  this  observation,  it  is  appropriate  to  quote  Hunter  on  human 
teeth  (1771,  pp.  110-111): 

“It  has  been  asserted  that  the  Teeth  are  continually  growing,  and  that  the  abrasion 
is  sufficient  to  keep  them  always  of  the  same  length;  but  we  find  that  they  grow  at  once 
to  their  full  length,  and  that  they  gradually  wear  down  afterwards; . . .  when  a  Tooth  is 
lost,  the  opposite  one  may  project  from  the  disposition  of  the  Alveolar  Process  to  rise 
higher,  and  fill  up  at  the  bottom  of  the  sockets; ...  it  has  been  said  that  the  space  of  a 
fallen  Tooth  is  almost  filled  up  by  the  increased  thickness  of  the  two  adjacent  Teeth, 
...  it  is  not  owing  to  any  increase  of  their  breadth,  but  to  their  moving  from  that  side 
where  they  are  well  supported,  to  the  other . . .  they  get  an  inclined  direction;  and  I 
observe  it  extends  to  the  several  adjacent  Teeth  in  a  proportional  less  degree,  and  [espe¬ 
cially]  affects  those  which  are  behind.” 

Later  (1778,  pp.  75-76),  he  added:  “Probably  a  Tooth  might  by  slow 
degrees  be  moved  to  any  part  of  the  mouth,  for  I  have  seen  the  cus- 
pedati  pressed  into  the  place  of  the  incisores.” 

This  concept  of  slow  tooth  drift  has  not  always  been  accepted,  even 
in  dentistry,  except  for  the  induced  drift  of  orthodontia  which  would 
be  difficult  to  deny.  The  drift  concept  has  been  advocated  for  human 
teeth  by  Wallace  (1904),  Turner  (1910),  Trauner  (1912),  Adloff  (1921), 
Stallard  (1923),  Stein  and  Weinmann  (1925  and  1928),  Bauer  and 
Lang  (1928),  Schwarz  (1928),  Hirschfeld  (1937)  and  others.  Outside 
the  field  of  dentistry,  closing  of  ranks  was  observed  in:  horses  (Gidley, 
1901,  and  Chubb,  1913);  fossil  men,  anthropoid  apes  and  other  mam¬ 
mals  (Virchow,  1920);  orangs  (Adloff,  1921);  chamois  and  deer  (Schu¬ 
macher,  1928  and  1929) ;  ruminants,  manatee,  marsupials  and  others 
(Colyer,  1936).  Vertical  shifts  in  the  position  of  fully  erupted  and 
functioning  human  teeth  have  long  been  familiar  (Hunter,  1771,  pp. 
110-111;  Carabelli,  1844;  Tigri,  1851). 

INTERSTITIAL  WEAR  BETWEEN  FUNCTIONING  TEETH 

Isolated  references  to  interstitial  (or  interproximal)  wear  are  scat¬ 
tered  in  the  literature  of  all  three  fields.  Owen  (1840-1845,  PI.  138, 
fig.  9)  figured  the  interstitially  worn  lower  teeth  of  an  Indian  rhinoc- 
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eras  without  comment.  Zsigmondy  (1865)  stated,  for  the  first  time, 
that  interstitial  wear  facets  develop  in  human  teeth,  that  they  are 
largest  between  the  posterior  premolar  and  the  first  molar  and  between 
the  molars,  that  they  never  expose  the  dentin  (sic),  that  a  facet  of 
larger  area  develops  on  a  loose  tooth  than  on  the  adjoining  tooth 
against  which  it  wears,  that  facets  are  absent  on  newly  erupted  teeth 
and  the  distal  of  the  third  molars,  and  that  tooth  movement  is  small 
in  amount  and  of  undetermined  direction.  Black  (1908)  stated  that, 
“Careful  measurements  show  that  when  the  average  person  has 
arrived  at  the  age  of  forty  years  he  has  lost,  by  wear  of  the  proximal 
contacts  of  his  teeth,  one  centimeter  in  length  [external  circumference] 
of  the  arch.”  This  abrasion  between  the  teeth,  especially  at  the 
premolar-molar  contact,  was  attributed  by  de  Terra  (1911)  to  the 
elastic  periodontal  membrane.  Chubb  (1913)  in  his  study  of  modern 
horses,  first  unmistakably  recognized  interproximal  wear  in  non¬ 
human  teeth,  stating  that  “where  the  tooth  comes  in  close  contact 
with  its  next  neighbor,  the  cement  is  missing,  and  indeed,  sometimes 
the  continuous  line  of  external  enamel . . .  [The  teeth]  crowd  toward 
each  other,  thus  preventing  the  forcing  of  food  material  between 
them.  The  slight  vibration  when  in  use  of  each  tooth  in  its  alveolar 
socket  affords  sufficient  wear  to  keep  them  perfectly  fitted  together, 
and  also  explains  the  apparent  break  in  the  external  enamel.”  He 
adds  that  the  premolar  and  molar  series  incline  toward  each  other,  so 
that  mastication  forces  them  together  “like  stones  in  the  arch  of 
a  building.  And  as  the  teeth  wear  down  to  a  point  of  smaller  di¬ 
ameter,  the  last  molar  in  extreme  old  age  assumes  an  almost  horizontal 
position.” 

Virchow  (1920)  made  the  first  unqualified  reference  to  interstitial 
wear  in  fossil  teeth.  The  adjoining  teeth  of  the  Ehringsdorf  fossil 
man  rubbed  on  each  other  (as  opposed  to  food  wearing  on  both)  until 
both  became  flat,  or  one  concave  and  the  other  convex.  The  teeth 
closed  up  pari  passu  with  the  wear  and  the  alveolar  setting  was  of  the 
requisite  character  to  account  for  these  two  types  of  movement.  He 
also  reported  interstitial  wear  in  anthropoid  apes  and  other  mammals. 
Adloff  (1921)  confirmed  the  existence  of  interproximal  wear  in  the 
orang  and  modern  man,  and  stated  that  this,  with  moving  together  of 
the  teeth,  explains  why  the  length  of  the  tooth  row  shortens  through- 
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out  life.  Diamond  (1935)  points  out  that  sometimes  in  man  “the 
proximal  surfaces  are  so  completely  destroyed  that  a  complete  surface 
contact  is  established  as  far  as  the  cervical  line.”  Bodecker  figures  an 
Amerindian  mandible  (1936,  fig.  4),  where,  in  addition  to  smaller 
facets,  the  right  posterior  premolar  had  bitten  considerably  more 
deeply  into  the  first  molar  than  in  previously  figured  human  teeth. 

Forster-Cooper  (1934)  states  that  various  isolated,  worn,  fossil 
rhinoceros  premolars  show  an  extraordinary  reduction  in  antero¬ 
posterior  diameter,  “clearly  caused  by  resorption  from  mutual  pres¬ 
sure.  The  enamel  and  a  considerable  amount  of  the  dentine  have 
become  dissolved  away  so  that  the  proportion  of  length  to  breadth  is 
much  reduced.  The  total  length  of  the  whole  tooth-series  would, 
therefore,  alter  very  much  as  the  age  of  the  animal  increased.”  (The 
process  is  fairly  certainly  mechanical  wear  and  not  chemical  resorp¬ 
tion).  Additional  instances  are  cited  by:  Colyer  (1936)  for  horse, 
rhinoceros,  Pecora,  ungulates  in  general  and  rodents;  Gottlieb  and 
Orban  (1936)  for  pig  and  man;  and  A.  E.  Wood  (1937)  for  Kanisamys, 
a  fossil  rodent. 

Vertebrate  paleontologists  have  been  slow  to  recognize  the  implica¬ 
tions  of  their  data.*  They  have  long  recognized  (cf.  Gidley,  1901) 
that  rows  of  teeth  in  contact  (such  as  the  premolar-molar  series  in 
herbivorous  forms)  are  shorter  in  senescent  than  in  young  adult  in¬ 
dividuals,  and  have  allowed,  either  explicity  or  implicity,  for  this 
“shrinkage”  with  age  {d.Jigs.  1-4).  As  the  distinction  between  the 
various  conceivable  factors  has  not  been  clearly  formulated  by  any 
earlier  worker,  it  is  natural  that  the  observed  results  were  not  allocated 
among  the  contributory  factors. 

TOOTH  PLAY 

It  has  long  been  in  dispute  whether  the  human  tooth  is  rigid  or 
pliant  in  its  alveolus.  Hunter  (1771,  pp.  67)  stated  that  “The  Teeth 
being  united  to  the  Jaw  by  the  Periosteum  and  Gum,  have  some  degree 
of  an  yielding  motion  in  the  living  body.”  Chayes  regularly  insisted 
that  teeth  normally  move  in  function  and  devised  his  remov- 

*  After  canvassing  the  literature  and  available  workers,  I  laid  the  problem  before  the 
1936  (Washington)  meeting  of  the  Vertebrate  Section  of  the  Paleontological  Society  and 
asked  for  help  in  locating  earlier  specific  citations  of  interproximal  wear,  without  success. 
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able  bridgework  to  allow  this  play  to  continue  (e.g.  Chayes,  1915). 
Stallard  (1923)  obtained  instrumental  readings  showing  that  “crowns 
of  buccal  teeth  are  sprung  forward  by  the  masticatory  force  alone.” 
Hopewell-Smith  (1927),  the  distinguished  representative  of  the  school 
belie\dng  in  tooth  immobility,  denied  tooth  movement  in  the  alveolus 
except  under  pathological  conditions.  Diamond  (1928)  stated  that 
wear  at  contact  points  in  man  shows  that  “teeth  move  in  function” 
and  cited  a  letter  from  Hopewell-Smith  against  tooth  play  and  one 
from  Bodecker  which  supported  it  on  the  basis  of  the  histology  of  the 
fibers  of  the  periodental  membrane.  The  type  of  leverage  involved 
in  tooth  play  (of  which  the  reality  was  taken  for  granted)  was  dis¬ 
cussed  by  Bauer  and  Lang  (1928),  Schwartz  (1928),  Pucci  (1933) 
and  others.  Stutevdlle  (1935)  took  motion  pictures  of  teeth  moving 
in  the  jaws  of  livdng  dogs  and  monkeys  as  well  as  in  sectioned  jaws. 
Bodecker’s  more  detailed  histological  discussion  (1936)  shows  that 
human  teeth  would  be  expected  to  rock  on  the  elastic  cushion  between 
them  and  their  alveoli  which  results  from  the  elasticity  and  hammock¬ 
like  arrangement  of  the  fibers  of  the  periodontal  membrane. 

INTERPROXIMAL  WEAR  IN  FOSSIL  RHINOCEROSES 

The  rhinoceroses,  my  special  field  of  study,  furnish  striking  examples 
of  interproximal  tooth  wear.  Aside  from  the  corroborative  and  purely 
scientific  value  of  such  recognition,  it  should  be  helpful  to  students 
of  human  teeth  to  see  the  results  of  a  similar  process  carried  to  an 
exaggerated  (and  therefore  more  easily  studied)  extent  in  another 
organism.  Also,  as  a  correct  explanation  must  interpret  all  the 
evidence,  there  is  danger  in  formulating  broad  generalizations  from 
even  the  most  careful  study  of  the  dentition  of  a  single  organism 
(i.e.  manj.  Among  living  rhinoceroses,  the  condition  is  especially 
clear  on  the  first  upper  and  lower  molars  of  the  African  white  rhinoc¬ 
eros,  Ceratotherium  simum.  It  also  appears  on  the  same  teeth  of  the 
extinct  American  Teleoceras,  and  my  unpublished  study  of  the  semi- 
aquatic  amynodont  rhinoceroses  of  the  middle  Tertiary  shows  inter¬ 
proximal  wear  carried  even  further,  especially  in  Meiamynodon.  It 
seems  to  be  most  apparent  in  mammals  where  the  cheek  teeth  grind 
hard  plant  tissues,  especially  grasses. 

The  best  case  occurs  in  the  extinct  elasmotherine  rhinoceroses. 
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The  culminating  forms  in  the  Pliocene  and  Glacial  epochs  were  larger 
than  any  other  rhinoceros  known  except  Baluckitherium,  standing 
seven  feet  at  the  withers,  with  skulls  a  meter  long,  bearing  a  huge 
frontal  horn  boss  on  the  middle  third.  The  cheek  teeth,  although 
fundamentally  rhinocerotic,  were  modified  into  close  functional 
similarity  to  modem  horse  teeth.  The  fluted  enamel  margins  of  the 
adjoining  teeth  assisted  in  the  mutual  attrition.  The  differential 
results  of  interproximal  wear  are  still  more  clearly  demonstrable  in 
two  earlier  and  less  specialized  stages  of  this  evolutionary  series: 
Sinotherium  from  the  Chinese  Lower  Pliocene  (Ringstrom,  1924) 
and  an  undescribed  species  of  Iranotheriiim  in  the  American  Museum 
collections  from  Mongolia  (Tung  Gur  Beds,  Miocene).  The  condition 
is  most  marked  on  the  first  molars,  which  are  the  first  of  the  permanent 
dentition  to  erupt,  especially  on  the  first  lower  molars  {Jigs.  1-4). 
Every  specimen  agrees  with  the  expectations  for  mechanical  wear, 
as  areas  of  enamel  project  into  the  dentin  of  the  adjoining  tooth, 
sometimes  developing  alternating  salients  along  the  margins  which 
are  in  continuous  contact.  This  situation  is  extraordinarily  pro¬ 
nounced  in  Ringstrom’s  figure  of  the  lower  teeth  of  Sinotherium  (1924, 
PI.  11,  fig.  5  redrawn  as  my  fig.  J)  particularly  at  the  border  betw'een 
the  second  and  third  teeth.  Both  interstitial  surfaces  of  the  first 
molar  have  been  so  abraded  that  the  tooth  is  reduced  to  about  one- 
third  of  its  original  mesio-distal  diameter.  The  differential  effect 
on  the  first  molar^  is  due  to  the  fact  that,  after  its  eruption,  the  crown 
surface  becomes  quite  worn  against  the  upper  teeth  (P^  and  M*),  as 
does  the  anterior  (mesial)  surface  against  the  deciduous  tooth  in 
front  of  it,  before  either  the  last  lower  permanent  premolar  or  the 
second  lower  molar  erupt;  hence,  while  the  enamel  crests  of  P4  and 
Ms  are  still  intact,  or  nearly  so,  the  crown  of  the  first  molar  has  been 
worn  down  to  a  nearly  formless  rectangle  of  en2Lmel-bordered  dentin, 
with  its  approximal  enamel  margins  already  worn  thin.  This  tooth, 
therefore,  is  almost  sure  thereafter  to  suffer  most  of  the  attrition  in 
approximal  wear  during  chewing.  As  the  elongated  crowns  of  the 
last  premolar  and  the  second  molar  gradually  erupt,  they  continually 

*  Although  this  discussion  is  based,  specifically,  on  the  first  lower  molar  of  elasmoth- 
erine  rhinoceroses,  it  applies  rather  generally,  in  principle,  to  first  upper  and  lower  molars. 
I  have  specifically  observed  its  applicability  to  rhinoceroses  in  general,  horses  and  men. 
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Fig.  1.  Crown  view  of  last  left  lower  premolar  and  2  anterior  molars  (P4-Mj)  of  an 
adult  Iranotherium,  sp.  indesc.,  from  Tung  Gur  Miocene  of  Mongolia,  x  J,  composite 
from  series  of  specimens  in  American  Museum  of  Natural  History.  Teeth  are  drawn  as 
if  all  had  erupted  fully  without  establishing  contact.  Portions  of  Mi  indicated  by  broken 
lines  show  extreme  amounts  known  to  be  worn  away  in  any  individual  of  this  species. 
Homologous  points  on  dentin,  as  exposed  by  crown  wear,  on  figs.  1-3,  are  indicated  by 
letter  “d.” 


Fig.  2.  Crown  view  of  individual  schematized  in  fig.  1  (essentially  A.M.N.H.  No. 
26528),  with  contact  continuously  maintained  between  teeth,  after  P4  and  Mj  have 
ground  deeply  into  Mi,  x  J.  Figs.  1  and  2  drawn  by  F.  D.  Wood. 
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Fig.  3.  Left  lower  cheek  teeth  of  Sinotherium  lagrelii  Ringstrom  from  Lower  Pliocene 
of  China,  x  J,  consisting  of  Pj-Mj,  according  to  Ringstrom,  or,  much  more  probably, 
P4-MJ,  redrawn  from  Ringstrbm’s  photograph.  The  same  type  of  interproximal  wear 
is  carried  even  further  than  in  figs.  1-2,  especially  in  shortest  tooth,  presumably  Mi, 
which  is  reduced  to  only  the  anterior  (mesial)  half  of  the  homologous  tooth  as  stiU  pre¬ 
served  in  fig.  2. 


Fig.  4.  Right  lower  cheek  teeth  of  Sinotherium  (same  specimen  as  in  fig.  3),  buccal 
view,  X  i,  redrawn,  in  mirror  image,  from  Ringstrdm. 
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press  fresh  areas  of  enamel  against  the  same  weakened  margins  of  the 
first  molar.  The  process  is  accentuated  by  the  fact  that  the  more 
resistant  crown  enamel  of  the  erupting  tooth  presses  against  the  less 
calcified  cervical  region  of  the  fully  erupted  first  molar  (cf.  Wallace, 
1912;  also  Karlstrom,  1931,  confirmed  by  Bodecker,  letter  dated 
March  31,  1937).  At  a  still  later  stage  of  eruption,  the  enameled 
posterior  basal  rim  (cingulum)  of  the  last  premolar  and  the  enameled 
anterior  cingulum  of  the  second  molar  press  against  the  cement- 
covered  dentin  of  the  first  molar  below  its  enamel  cap,  speeding  up 
the  process  by  opposing  enamel  to  cement  and  dentin.  Thereafter, 
Ml  will  suffer  still  more  differential  loss  by  wear.  This  summary  while 


Fig.  5.  Distal  aspect  of  crown  of  left  Mi  of  Iranotherium,  sp.  indesc.,  A.M.N.H.  No. 
26578,  X  1,  showing  exposed  dentin,  d,  surrounded  by  abraded  enamel,  we,  surrounded  in 
turn  by  unworn  enamel,  e.  Cement  is  indicated  by  c,  crown  by  cr,  and  dentin  of  root 
beneath  enamel  cap,  by  rd.  Drawing  by  Roger  Bullard. 

generally  applicable,  is  based  particularly  on  the  condition  in  Irano¬ 
therium  (Jigs.  1-2).  The  same  process  was  carried  to  an  even  higher 
degree  in  the  corresponding  tooth  of  Sinothcrium  (jigs.  3—1)  making 
one  continuous  (although  composite)  story.  As  naturally  follows, 
the  amount  of  shortening  of  the  first  molar  is  roughly  proportional 
to  the  age  of  the  animal.  The  extreme  condition  represented  in 
Iranotherium  occurs  in  the  first  left  lower  molar  of  Amer.  Mus.  Nat. 
Hist.  No.  26528.  In  Amer.  Mus.  Nat.  Hist.  No.  26578,  the  crown 
of  the  last  premolar  is  only  slightly  worn,  whereas  the  first  molar  is 
severely  worn.  The  enamel  is  gone  from  the  front  of  the  molar  but 
still  intact,  although  thin,  on  the  rear  of  the  premolar;  the  molar  has 
risen  in  its  alveolus  enough  for  the  basal  end  of  its  enamel  cap  to  be 
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already  well  above  the  posterior  basal  cingulum  of  the  last  premolar, 
so  that  Ml  opposes  only  dentin  to  the  enamel  of  P4.  The  rear  of  the 
molar  (Jig.  5)  is  still  more  instructive:  basally,  root  dentin  is  visible; 
above,  the  thin  basal  margin  of  the  enamel  cap  is  intact,  where  the 
second  molar  had  not  yet  established  contact;  still  higher,  an  asym¬ 
metrical  crescent  of  worn  enamel  appears  faintly  striated  to  the 
naked  eye.  Low  magnification  shows  structures  closely  comparable 
to  the  bands  of  Schreger  as  seen  in  ground  sections  of  human  or  other 
teeth.  The  enamel  has  clearly  been  worn  off  the  patch  of  dentin 
embraced  by  the  area  of  worn,  polished  enamel.® 

DIRECTION  OF  DRIFT 

The  question  of  why  teeth  “always”  (or  “normally”)  drift  toward 
the  mid-line  has  attracted  numerous  w^orkers.  Wallace  (1904), 
Turner  (1910),  Trauner  (1912),  Stallard  (1923),  Stein  and  Weinmann 
(1925)  and  others  have  stated  that  human  teeth  move  anteriorly  when 
one  or  more  have  been  lost  or  extracted.  Wallace  attributed  this 
shift  to  the  action  of  tongue  and  cheek.  Stallard,  elaborating  the 
studies  of  drift  mechanics  by  Turner  and  Trauner,  suggested  that  the 
impact  of  the  lower  teeth  carries  the  upper  teeth  forward,  and  that 
cusp  interdigitation  then  moves  the  lower  teeth  along  with  the  uppers. 
Despite  the  ingenious  mechanical  models  by  which  Stallard  supported 
his  mechanism,  there  is  more  than  a  suggestion  of  the  familiar  boot¬ 
strap  lift.  Stein  and  Weinmann  (1925)  showed  histological  evidence 
of  bone  resorption  on  the  mesial  and  bone  deposition  on  the  distal 
surfaces  of  the  alveoli  as  evidence  of  normal  or  “physiological  wander¬ 
ing”  of  human  teeth. 

The  problem  is  apparently  fictitious,  as  teeth  do  not  always  drift 
in  that  direction.  Hunter  (1771,  see  above)  described  a  process  to 
which  Stallard’s  term  “closing  ranks”  seems  especially  applicable, 
or,  as  Bauer  and  Lang  express  it,  tooth  wandering  takes  place  where- 
ever  room  exists,  the  tooth  being  entirely  passive.  Hirschfeld  (1937) 
gives  a  number  of  case  histories,  illustrated  by  “before  and  after” 
photographs,  which  show  extensive  tooth  migration  following  removal 
of  a  tooth.  He  concludes  that  “although,  through  the  various  nor¬ 
mal  biologic  or  mechanical  processes,  the  dental  apparatus  tends 

‘  Additional  evidence  to  support  the  foregoing  summary  will  be  published  elsewhere 
in  different  form  (Wood,  H.  E.,  Ms.) 
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to  be  in  constant  state  of  flux,  its  component  units,  the  teeth,  are 
retained  in  their  lateral  and  axial  alinement  through  the  confining 
influence  of  their  adjacent  neighbors  and  of  their  occlusal  opponents, 
the  former  preventing  mesio-distal  drifting,  and  the  latter  elonga¬ 
tion  and,  through  the  interlocking  position  of  the  cusps,  buccolingual 
migration.” 

If  this  is  the  story,  why  should  median  drift  be  so  generally  ob¬ 
served,  especially  by  dentists?  Obviously,  no  tooth  can  drift  in  any 
direction  in  which  it  is  blocked;  and  if  teeth  tend  to  drift  in  any  direc¬ 
tion  in  which  they  are  free  to  move,  w’e  might  get  the  observ’ed  result 
that  they  tend  to  close  ranks  inside  the  functional  series,  essentially 
as  observed  by  Hunter.  Since  the  himian  dentition  is  normally 
continuous  in  each  jaw,  mesial  drift  is  the  usual  and  most  noticeable 
element.  This  may  seem  a  distinction  without  a  difference;  but  in 
forms  in  which  a  diastema  is  normally  present  (e.g.,  horses,  rhinoc¬ 
eroses,  ruminants,  rabbits,  rodents),  it  never  tends  to  be  obliterated 
with  age,  but,  on  the  contrary,  an  old  individual  regularly  possesses 
the  longest  diastema.  In  much  the  same  way,  when  the  human 
posterior  premolar  or  the  first  or  second  molar  is  lost,  the  cheek  teeth 
sometimes  tend  to  close  up  as  one  functional  series,  away  from  the 
anterior  teeth,  paralleling  the  normal  situation  in  a  mammal  with 
a  diastema. 

It  is  a  probable,  though  undemonstrated,  hypothesis  that  tooth 
“wandering”  is  due  to  tooth  play,  mainly  under  masticatory  stresses, 
through  pressure  or  lack  of  pressure  producing  alveolar  bone  resorp¬ 
tion  and  redeposition,  respectively,  and  that  the  direction  of  migration 
is  mechanically  controlled  by  the  stresses  present  in  each  individual 
case.  If  so,  it  is  natural  that  the  direction  and  amount  of  drift  var>’, 
and  that  teeth  sometimes  stay  erect  and  sometimes  lean.  The 
complication  and  variability  of  the  stresses  of  mastication  have  been 
shown  by  Hildebrand  (1931).  The  influence  of  the  tongue  and 
cheek  muscles  on  tooth  position  is  said  to  have  been  first  recorded 
by  C.  S.  Tomes  (reference  not  verified;  see,  also,  Allen,  1891  and 
Wallace,  1904). 

RELATIVE  IMPORTANCE  OF  THE  F.ACTORS 

Obviously,  all  the  factors  enumerated  usually  operate  to  some  ex¬ 
tent,  but  their  relative  importance  varies  in  different  mammals  and  in 
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different  parts  of  the  jaw  of  the  same  animal,  depending  on  the  type 
of  dentition.  Thus  interproximal  wear  is  much  the  most  important 
factor  in  human  molars  and  premolars,  whereas,  in  the  cheek  teeth 
of  rhinoceroses,  variations  in  diameter  and  wear  during  eruption  are 
also  extremely  important.  Since  the  amount  of  wear  during  eruption 
is  principally  determined  by  crown  height  and  degree  of  interproximal 
pressure,  it  is  unimportant  in  low-crowned  forms  (such  as  man)  but 
extensive  in  high-crowned  forms.  Different  degrees  of  hardness  of 
individual  teeth,  as  well  as  the  more  usually  recognized  differences 
between  different  parts  of  the  same  tooth  (even  in  the  same  tissue, 
whether  enamel,  dentin  or  cement)  sometimes  play  a  considerable 
part.  Tooth  migration  occurs  in  a  wide  variety  of  forms  and  may 
be  a  general  mammalian  character.  The  extent  to  which  it  occurs 
in  other  vertebrates  remains  to  be  determined;  various  instances  are 
known,  such  as  the  peculiar  types  of  drift  associated  with  tooth 
replacement  in  sharks,  living  and  fossil. 

SUMMARY 

The  following  factors  may  cooperate  in  producing  the  shortening  of 
the  tooth  row  and  its  concomitants  described  or  referred  to  in  this 
paper:  1.  Wear  between  erupting  teeth  and  adjoining,  already  erupted 
teeth.  2.  Crown  wear  between  upper  and  lower  teeth,  removing  over¬ 
hanging  portions  of  the  crown,  when  such  exist,  which  would,  if  no 
other  factor  were  operative,  merely  widen  the  interdental  spaces. 

3.  Interstitial  wear  between  teeth  in  contact,  due  to  the  play  between 
root  and  alveolus  permitted  by  the  elastic  periodontal  membrane. 

4.  Slow  shifts  in  position  of  the  teeth  in  the  jaws,  due  to  bone  resorp¬ 
tion  and  deposition  in  the  alveoli,  the  observed  tendency  being  to 
maintain  continuous  contact  within  the  functional  series. 

These  processes  were  carried  to  an  extreme  degree  in  the  extinct 
elasmotherine  rhinoceroses. 
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SYSTEMIC  AND  BLOOD  FINDINGS  IN  PARODONTOSIS^ 

HAROLD  GOLDSTEIN,  D.D.S. 

Department  of  Oral  Diapiosis,  Dental  School,  University  of  Maryland 

Gottlieb*  states  that,  “With  the  exception  of  a  diminishing  number 
of  stubborn  proponents  of  a  local  inflammatory  traumatic  etiology,  the 
majority  of  authors  are  in  agreement  in  believing  that  diffuse 
atrophy  or  so-called  “genuine”  pyorrhea,  is  the  result  of  a  primary 
change  in  metabolism,  whereas  all  other  manifestations  are  of  sub¬ 
ordinate  or  secondary  nature”.  The  purpose  of  this  investigation 
was  to  learn,  if  possible,  whether  a  group  of  adult  individuals  each 
having  healthy  peridental  tissues,  might  exhibit  blood  and  systemic 
findings  differing  from  those  found  in  a  similar  number  of  adult 
individuals  whose  dental  systems  were  involved  with  advanced  paro¬ 
dontal  disease. 

A  patient  was  regarded  as  parodontosis-free  if  the  gingival  tissues 
were  of  normal  color,  texture,  contour;  if  the  gingival  crevices  were 
not  deeper  than  2  mm.  in  any  area;  and  if  the  complete  radiographs 
showed  intact  alveolar  crests.  Conversely,  a  patient  was  regarded  as 
parodontosis-involved  if  the  gingival  color,  texture,  and  contour  were 
not  normal;  if  there  was  suppuration;  and  if  a  complete  radiodontic 
series  revealed  an  unquestionable  alveolar  pathosis.  For  a  series  of 
200  cases  ranging  in  age  from  35  to  70,  definitely  parodontosis-free, 
systemic  diagnosis,  blood  pressure,  erythrocyte  and  leukoc>'te  counts 
were  recorded.  At  the  same  time  200  cases,  age  30  to  70,  definitely 
involved  with  advanced  parodontal  disease,  were  similarly  studied. 
These  reports  were  obtained  from  the  regular  medical  histories  after 
physicians  had  made  thorough  examinations. 

For  every  female  with  parodontosis  (53)  there  were  approximately 
three  males,  (147);  whereas  in  the  parodontosis-free  group  there  was 

*  Read  at  the  15th  General  Meeting  of  The  International  Association  for  Dental 
Research,  Baltimore,  March  13  and  14,  1937.  (/.  D.  Res.  16:320,  1937.) 

‘Gottlieb,  B.,  J.  Periodont.  2  :  99,  1931. 
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little  sex  difference,  males  (111)  and  females  (89).  While  males 
predominated  in  both  groups  the  greater  number  of  females  in  the 
parodontosis-free  group  might  be  interpreted  as  indicating  a  better 
oral  hygiene,  a  clinically  demonstrable  fact  in  the  experience  of  most 
dentists.  The  average  age  for  the  parodontosis  group  was  44.2  years, 
for  the  parodontosis-free  group  51.6  years,  an  unexpected  finding. 

TABLE  I 


Sex  and  average  age 


1  PARODONTOSIS 

PARODONTOSIS-FRSE 

NO.  OF  CASES 

NO.  OF  CASES 

Males . 

111 

Females . 

89 

Average  age . 

42 . 2  yrs. 

51.6  yrs. 

TABLE  n 

Incidewe  of  systemic  disease  in  ZOO  parodontosis-free  and  ZOO  parodontosis-involved 

individuals 


SYSTEiaC  DISEASE 

j  PARODONTOSIS 

NO.  OF  CASES 

PARODONTOSIS-FREE 
NO.  OF  CASES 

Diabetes  Mellitus . 

9 

1 

Lues . 

8 

1 

Gastro-Intestinal  Ulcer . 

20 

9 

Cancer . 

8 

0 

Arthritis . 

13 

36 

Cholecystitis . 

7 

18 

Cardiac  Disease . 

4 

7 

Respiratory  Disease . 

11 

10 

Hyp)ertension . 

7 

9 

Goitre . 

9 

7 

With  the  exception  of  the  findings  in  arthritis  and  cholecystitis, 
the  systemic  relationships  conform  with  generally  accepted  views. 
In  the  parodontosis  group,  diabetes  mellitus  was  found  9  times  to 
one  time  in  the  parodontosis-free  group;  lues,  8  times  to  one;  gastro¬ 
intestinal  ulcer,  20  to  9;  cancer  8  to  none.  From  these  figures,  one 
would  assume  that  where  these  four  diseases  are  seen,  concomitant 
parodontosis  is  a  frequent  occurrence.  Table  II  records  other  sys¬ 
temic  findings.  The  findings  in  arthritis,  with  13  cases  recorded  in 
the  parodontal  disease  group,  and  36  in  the  parodontosis-free  group; 
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and  in  cholecystitis,  with  7  cases  noted  in  the  diseased  group  and 
18  in  the  free  group,  were  unexpected.  It  may  be  readily  judged 
that  the  above  data  from  400  individuals  are  insufficient  for  any 
positive  statement. 

In  the  systolic  blood-pressure  study  a  greater  number  of  cases  of  the 
parodontal  disease  group  were  seen  in  the  lower  blood-pressures. 

The  erythrocyte  count  recordings  were  about  equal  for  both  groups. 
(Table  III.)  In  the  low  leukocyte  count  brackets,  as  in  the  4,000 
and  5,000  counts,  the  uninvolved  group  was  unquestionably  in  greater 
number  than  the  diseased  group  with  the  reverse  true  in  the  higher 


TABLE  III 
Erythrocyte  count 


PARODONTOSIS 

NO.  OP  CASES 

PARODONTOSIS-PREE 
NO.  OP  CASES 

Below  4  Million . 

13 

6 

4-S  Million . 

156 

171 

5-6  Million . 

31 

24 

TABLE  IV 

Occupational  relationship 


PARODONTOSIS 

NO.  OP  CASES 

FARODONTOSIS-PREE 
NO.  OP  CASES 

Higher  Income  Bracket . 

26 

48 

Average  Income  Bracket . 

94 

112 

Laborers . 

79 

38 

leukocyte  count  brackets,  (8,000  or  more  W.B.C.’s).  If  the  presence 
of  other  intercurrent  disease  can  be  eliminated,  the  larger  number 
of  parodontosis  cases  with  high  leukocyte  counts  is  a  warranted  dis¬ 
closure,  an  increase  in  leukocytes  usually  accompanying  chronic 
infection. 

An  attempt  was  made  to  compare  the  occupational  class  of  in¬ 
dividuals  in  each  group.  The  classification  of  any  individual’s  occupa¬ 
tion  is,  of  course,  arbitrary  and  the  generally  accepted  views  as  to 
occupational  status  were  used.  In  the  parodontal  disease  group 
there  were  only  26  individuals  who  might  be  numbered  among  those 
whose  occupations  are  rlas‘?ified  in  the  higher  income  bracket,  whereas 
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there  were  48  individuals  in  the  uninvolved  group.  Of  those  classified 
as  having  an  “average”  income,  there  were  94  in  the  parodontosis 
group  to  1 12  in  the  free  group.  Among  those  listed  as  laborers  79  were 
placed  in  the  involved  group,  and  only  38  in  the  parodontosis-free 
group.  The  greater  number  of  uninvolved  individuals  in  the  better 
occupation  class  might  be  interpreted  as  due  to  improved  oral  hygiene 
in  the  higher  classes.  This  finding  apparently  supports  the  arguments 
of  those  who  maintain  that  parodontal  disease  is  caused  mainly  by 
poor  oral  hygiene. 

SUMMARY 

1.  Diseases  such  as  diabetes  mellitus,  lues,  gastro-intestinal  ulcer 
and  cancer,  were  found  with  a  decidedly  greater  frequency  in  200 
parodontosis-inv’olv^ed  individuals  than  in  a  similar  number  of  paro¬ 
dontosis-free  individuals.  2.  Arthritis  and  cholecystitis  were  present 
more  frequently  in  the  parodontosis-free  individuals.  3.  Blood  counts 
rev’^ealed  higher  leukocyte  counts  (8,000  or  over)  more  frequently  in 
individuals  with  parodontal  disease.  4.  Er>’throcyte  recordings  were 
in  general,  the  same  for  both  groups.  5.  A  greater  number  of  paro¬ 
dontal  diseased  cases  w'ere  found  with  lower  blood-pressure;  a  greater 
number  of  parodontosis-free  individuals  with  higher  blood-pressure. 
6.  The  relation  of  class  of  occupation  to  the  frequency  of  parodontal 
involvement  pointed  to  a  much  low’er  incidence  of  parodontal  disease 
in  those  individuals  w-ho  belong  to  the  higher  income  group. 


PATHOGENIC  IMPORTANCE  OF  THE  ENDOCRINE  GLANDS 
IN  PARODONTAL  DISEASE 


FELIX  BOENHEIM,  M.D. 
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The  interrelationships  between  endocrinology  and  dentistry  may 
be  classified  into  these  phases:  1)  The  influence  exerted  by  the  en¬ 
docrine  glands  upon  growth,  development,  and  destruction  of  teeth; 
2)  The  influence  exerted  upon  the  body  and  its  organs  by  oral  aflBic- 
tions  (a  problem  of  focal  infection) ;  3)  Influence  of  the  pathological 
blood-glandular  functions  upon  the  oral  cavity.  The  purpose  of 
this  paper  is  to  draw  attention  to  the  problems  offered  by  the  inter¬ 
relationship  between  parodontosis  and  the  endocrine  glands. 

There  exist,  approximately,  350  different  theories  on  the  patho¬ 
genesis  of  parodontosis.  These  theories  consider  parodontosis  as — 
1)  a  local  disease,  2)  a  systemic  disease,  or  3)  a  local  disease  originat¬ 
ing  on  a  systemic  base.  Only  the  last  mentioned  is  based  on  the 
modem  knowledge  of  all  critical  facts.  Talbot  (29)  wrote,  “Pyorrhea 
alveolaris  is  a  manifestation  due  to  both  local  and  constitutional 
causes.”  He  also  stated  that  since  the  modem  viewpoint  of  constitu¬ 
tion  is  “a  low  vitality”  of  the  individuals  or  the  tissues,  the  conception 
of  “partial  constitution”  is  properly  defined. 

In  the  course  of  the  last  few  decades,  many  different  formulae  have 
been  devised  to  explain  the  pathogenesis  of  disease.  Hueppe  (16) 
implied  that  disease  is  a  function  of  predisposition,  of  surroundings, 
of  provoking  irritation.  These  factors  comprise  sub-factors.  In  the 
case  of  parodontosis  the  above  concept  would  imply  that  a  certain 
irritation,  occurring  in  case  of  general  or  partial  dental  “constitution” 
in  proper  surroundings,  would  be  apt  to  effect  the  manifestation  of 
the  disease.  The  stronger  this  irritation  the  weaker  the  other  factors 
might  be,  or  vice  versa.  Thus  much  is  saved  out  of  the  old  teachings 
of  pathogenesis  of  parodontosis;  not  in  the  sense  that  “causes produce” 
the  affliction,  but  that  these  factors  play  a  certain  part  in  its  origin. 
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These  contributing  factors  would  include  malnutrition  or  improper 
diet,  microorganisms,  calculus,  faulty  occlusion,  gritting  of  teeth, 
and  psychic  influences.  Many  authors  have  regarded  the  endocrine 
glands  as  factors  in  the  etiology  of  parodontosis. 

Our  attention  should  first  be  directed  at  hereditary  transmission 
of  parodontosis.  Bilejkin  (4)  observed  hereditary  parodontosis  in 
one  third  of  his  135  cases.  The  transmission  of  endocrine  factors 
in  parodontal  disease  on  a  hereditary  basis  is  very  frequently  ob¬ 
served.  In  a  group  of  77  patients  9.1  per  cent  of  their  parents  suf¬ 
fered  from  diabetes  mellitus,  2.6  from  Graves’  disease  and  3.9  per 
cent  from  goiter. 

Endocrine  disorders  may  occasionally  be  accompanied  by  a  lympho¬ 
cytosis  and  by  an  increase  of  eosinophil  cells.  This  was  observed 
11  times  in  a  group  of  44  patients.  Occasionally  there  is  a  marked 
increase  in  the  number  of  large  monocytes. 

The  study  of  blood  chemistry  is  of  definite  importance.  There  is 
frequently  an  augmentation  of  calcium  in  the  blood.  Becks  (3) 
found  its  value  increased  in  “diffuse  dystrophic  paradentosis.”  The 
phosphorus  was  normal  in  50  per  cent  of  his  cases,  and  lowered  in  50  per 
cent.  Citron  observed  (12, 13)  a  low  potassium  value  associated  with 
an  increase  of  calcium  and  concludes  from  this  that  there  is  hyper¬ 
function  of  the  parathyroids.  Kauschansky  (17)  observed  increased 
calcium  levels  in  47  of  a  group  of  134  individuals  where  the  potassium 
values  remained  normal.  Hawkins  (14,  15),  on  the  other  hand, 
observed  low  calcium  values  with  simultaneously  increased  phosphorus 
values.  Of  17  cases  in  which  the  Ca;P  factor  was  determined  it  was 
normal  in  only  2  cases,  as  in  Recklinghausen’s  osteitis  fibrosa,  and 
increased  in  5  cases.  Askanazy  (2)  noted  that  the  P  metabolism  in 
parodontosis  is  identical  with  that  observed  in  Recklinghausen’s 
osteitis  fibrosa.  The  relation  of  parodontosis  to  this  bone  disease  is 
important  since  the  treatment  of  osteitis  fibrosa  is  well  established. 
Moreover,  in  all  cases  of  osteitis  fibrosa  the  teeth  should  be  regularly 
inspected,  both  before  and  after  treatment. 

The  chloride  and  water  metabolism  can  hardly  be  tested  in  daily 
ambulatory  practice.  Since  patients  suffering  from  parodontal 
disease  seldom  apply  for  admission  to  a  hospital  these  tests,  as  a  rule, 
must  be  foregone.  At  times  there  is  water  and  chloride  retention  in 
cases  of  hypophyseal  disfunction. 
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Most  important  are  the  determinations  of  the  basal  metabolic  rate 
and  the  specific  dynamic  action.  By  the  specific  dynamic  action  is 
meant  the  surplus  of  calories  from  a  test  meal.  In  endocrine  dis¬ 
orders  one  or  the  other,  or  both,  gaseous  exchanges  may  be  disturbed. 
As  a  rule,  decreases  of  the  basal  metabolic  rate  reflect  thyroidal 
hypofunction;  increases  indicate  thyroidal  hyperfunction.  A  lowered 
specific  dynamic  action  indicates  a  hypofunction  of  the  anterior  lobe 
of  the  pituitary  gland.  These  are  merely  general  rules,  and  many 
cases  require  different  interpretation.  Weinmann,  (30,  31)  from  the 
examination  of  the  specific  dynamic  action  in  23  parodontosis  cases, 
reports  that  the  specific  dynamic  action  was  lowered  in  21  cases;  the 
basal  metabolism  rate  normal  or  slightly  increased  or  decreased.  I 
have  found  all  possible  deviations. 

TABLE  I 


Basal  metabolic  rate  and  specific  dynamic  action  in  parodontosis 


BASAL  HETABOUC  BATE 

NUUBEB 

OP  CASES 

SPECinC  DVNAlilC  ACTION 

Decreased 

Normal 

Increased 

Lowered . 

34 

20 

9 

5 

Normal . 

81 

31 

47 

3 

Increased . 

46 

15 

30 

1 

Total . 

161 

66 

86 

9 

Table  I  shows  that  of  161  cases  only  31  (19.3  per  cent)  behaved  in 
the  manner  described  by  Weinmann;  in  47  cases  (approximately  30 
per  cent)  both  the  basal  metabolic  rate  and  specific  dynamic  action 
appeared  to  be  normal.  Table  II  shows  results  of  study  of  gaseous 
exchanges  obtained  by  different  authors  in  parodontal  patients. 
Table  II  confirms  the  fact  that  other  authors,  too,  have  found  all 
possible  deviations  in  the  gaseous  exchange.  A  normal  metabolic 
rate  may  be  combined  with  normal,  increased,  or  lowered  specific 
dynamic  action.  There  is  no  definite  metabolic  rate  in  parodontosis 
when  endocrine  disorders  are  present.  As  a  matter  of  fact,  it  would 
appear  improbable  to  find  a  uniform  metabolic  rate  in  a  disease  as 
complicated  as  parodontosis.  This  view  point  has  generally  been 
accepted.  Only  Cahen  (10)  defends  Weinmann’s  theory  which  holds 
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good  in  only  one  fourth  of  the  cases  associated  with  endocrine  dis¬ 
turbances. 

We  must  not,  however,  conclude  that  parodontosis  patients  must 
show  myxedema.  Graves’  disease,  or  an  insufficiency  of  the  anterior 
pituitary.  None  of  these  afflictions  can  be  diagnosed  by  means  of 
laboratory  tests,  and  there  are  usually  only  a  few  clinical  signs. 
Laboratory  reports  should  not  be  overestimated,  for  example: 

A  girl  suffering  Graves’  disease  showed  a  decreased  metabolic  rate,  a  sign  of  a  self 
healing  process.  A  colleague  overestimating  the  importance  of  this  finding  administered 
thyroid  extract.  This  was  wrong  therapy  since  it  interfered  with  the  healing  process. 

TABLE  II 

Summary  of  results  on  metabolic  changes  in  parodontosis 


161  86 

8  6 

70  37 

20  6 

23  21 

282  156 

*  Cahen:  Only  cases  with  genuine  diffuse  atrophy,  controls  included. 

One  might  rather  agree  with  Kestner  (18)  who  states  that  in  case 
of  deviation  of  more  than  10  per  cent  “the  individual  is  no  longer 
healthy.”  However,  this  statement  should  be  differently  formulated: 
If  there  is  no  disease  manifest  which  would  tend  to  explain  the  meta¬ 
bolic  deviation  from  normal,  this  deviation  would  indicate  that  there 
exist  a  systemic  variation  which  affects  an  increased  readiness  toward 
illness.  For  example: 

A  female  with  a  basal  metabolic  rate  39  per  cent  above  normal  and  without  the  disease 
being  manifest  appears  to  be  predisposed  to  Graves’  disease;  a  patient  with  a  specific 
dynamic  action  of  only  4  per  cent,  without  any  pathological  symptoms  present,  is  predis¬ 
posed  towards  a  dystrophia  subgenitalis. 


BASAL  UETABOUC  KATE 


Num-  Low-  Nor-  In- 

ber  ered  mal  creased 


Boenheim .  161  34  81  46 


Cahen* .  6  1  7  — 

Citron .  81  7  51  23 

Herz .  6  5  1  — 

Lebermann .  49  2  45  2 

Nothmann .  21  —  16  5 

Weinmann .  23  7  11  5 


349  56  212  81 


SFECinC  DVMAiaC  ACnON 


Num- 

Low- 

Nor- 

In- 

ber 

ered 

mal 

creased 
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In  all  endocrine  afflictions  the  female  sex  predominates.  In  paro¬ 
dontosis  I  have  found  that  females  are  afflicted  to  a  much  higher  degree 
than  males,  while  other  authors  have  arrived  at  different  conclusions 
— some  supporting  my  findings,  others  giving  higher  percentages  in 
males.  Exact  figures  may  be  found  in  Table  III.  Since  the  statis¬ 
tical  data  disagree,  the  question  as  to  which  sex  is  attacked  must 
remain  unanswered  for  the  time  being.  Many  authors  has  noticed 
the  presence  of  menstrual  disorders  in  parodontosis.  Breuer  (9) 
claims  that  full  90  per  cent  of  his  patients  with  parodontosis  suffered 
with  menstrual  disorders.  Chaim  (11)  goes  so  far  as  to  speak  of  an 
ovarian  type  of  parodontosis. 

TABLE  III 


Relative  incidence  of  parodontosis  in  males  and  females 


AUTHOft 

MALES 

! 

FEMALES 

PEOFOITION 

Arkoevy . 

5 

14 

26:74 

Bilejkin . 

41 

58 

41:58 

Boenheim . 

57 

206 

22:78 

Citron . 

15 

65 

19:81 

52 

48 

52:48 

Papawednikow . 

81 

24 

77:23 

Sagal . 

174 

78 

46:54 

425 

493 

46:54 

It  has  been  attempted  to  show  that  there  is  a  large  group  of  inter¬ 
esting  and  important  signs  present  in  parodontosis  indicating  the 
presence  of  endocrine  disturbance.  However,  not  all  of  the  endocrine 
glands  are  of  equal  importance.  The  pituitary  gland  (anterior  lobe), 
thyroid,  and  ovaries  play  the  leading  roles.  In  Graves’  disease, 
Askanazy’s  (2)  invariably  met  with  “une  atrophie  osseuse  osteo- 
clastique  jusqu’  ici  cliniquement  latente.”  Reynolds  (24)  reported 
that  in  his  cases  hypothyroidism  was  frequently  observed.  Palmer 
(18)  stated  that  thyroid  hypof unction  caused  hypertrophy  of  the  gums 
which,  in  turn,  predisposed  the  patient  towards  pyorrhea.  Citron 
(12),  Boenheim  (5-8),  and  Sucher  (28),  have  described  hyperfunction 
of  the  parathyroids  and  disorders  of  the  adrenals.  Welayah  (32)  has 
presented  a  case  in  which  parodontosis  was  associated  with  Addison’s 
disease  and  orchitis  and  cites  a  similar  case  published  by  Taylor. 
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In  my  own  cases,  dysfunction  of  the  pituitary  gland  seemed  of 
greater  importance  than  that  of  any  other  gland.  It  should  be  kept 
in  mind  that  the  cases  in  which  circumscribed  pathological  pictures 
have  been  observed  are  but  few.  The  hypophyseal  cases  seem  to 
form  one  special  uniform  group.  I  frequently  had  the  clinical  impres¬ 
sion  that  the  ovaries  play  a  greater  part — greater,  at  any  rate,  than 
would  be  concluded  from  study  of  Table  IV.  Ovarian  afflictions  do 
not  always  furnish  definite  pictures  and  are  most  difficult  to  diagnose. 
For  this  reason  they  have  been  omitted  in  certain  instances.  It  should 

TABLE  IV 


Endocrine  dysfunctions  in  100  cases  of  parodontosis 


NUUBEK  or  CASES 

17  cases 

6 

Graves’  Disease . 

3 

hypofunction . 

5 

3 

21  cases 

deficiency . 

9 

obesity . 

11 

cachexia  hypophysis . 

1 

Adrenal  Glands  (Addison’s  Disease) . 

1  case 

1  case 

1  case 

Pancreas  (diabetes  mellitus) . 

1  case 

1  case 

Pluriglandular  insufl&ciency . 

1  case 

9  cases 

53  cases 

be  emphasized  that  most  of  these  diseases  were  but  from  frustes,  not 
fully  developed  cases.  In  100  cases  of  parodontal  disease  53  individ¬ 
uals  showed  endocrine  disturbances  as  noted  in  Table  IV.  But  I 
should  warn  against  accepting  this  figure  as  the  average  because  these 
cases  were  referred  by  dentists  suspecting  endocrine  disturbance. 
This  figure  may  be  a  maximum,  not  an  average. 

Are  endocrine  disorders  to  be  regarded  as  pathogenic  factors  in 
parodontosis?  So  far  it  is  possible  only  to  state  that  in  parodontosis 
the  endocrine  system  is  frequently  disturbed.  Most  likely  these 
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disturbances  are  coordinated,  not  subordinated.  Many  authors  agree 
on  this.  Roy  (25,  26),  one  of  the  foremost  authorities  on  this  subject, 
considers  parodontal  disease  as  an  alarm  sign  which  indicates  the 
necessity  of  introducing  general  treatment  along  with  local  parodontic 
therapy.  Thus,  the  presence  of  parodontosis  necessitates  a  complete 
physical  examination.  If  this  examination  results  in  the  diagnosis 
of  a  pathological  condition,  or  of  a  systemic  anomaly,  proper  treat¬ 
ment  should  be  instituted.  If  this  is  done  the  probability  of  frequent 
recurrences  will  dwindle  greatly. 
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CHEMICAL  COMPOSITION  OF  ENAMEL  AND  DENTIN. 
II.  FLUORINE  CONTENT* 


W.  D.  ARMSTRONG,  Ph.D.,  M.D.  and  P.  J.  BREKHUS, 

B.A.,  D.D.S.,  F.A.C.D. 

Laboratory  of  Physiological  Chemistry,  Medical  School  and  School  of  Dentistry, 
University  of  Minnesota,  Minneapolis 

It  is  generally  agreed  that  fluorine  is  a  constant  component  of 
enamel  and  dentin  and  that  of  all  structures  in  the  body  the  teeth 
probably  contain  the  largest  amount  of  this  element.  In  spite  of 
efforts  extending  over  the  last  130  years  no  agreement  has  been  reached 
as  to  the  actual  amount  of  fluorine  in  enamel  and  dentin.  McClure 
(9)  reviewed  the  literature  of  the  period  1803-1933  and  found  the 
reported  fluorine  content  of  enamel,  dentin  and  whole  teeth  to  vary 
from  zero  to  1.4  per  cent.  Jacob  and  Reynolds  (7),  whose  work  was 
not  reviewed  by  McClure,  found  whole  teeth  to  contain  1.8  to  3.5  per 
cent  fluorine.  Of  the  older  reports  most  credence  has  been  placed  in 
the  results  of  Gautier  and  Clausmann  (6)  who  found  the  fluorine 
content  of  enamel  to  vary  between  0.118  and  0.172  per  cent.  It  was 
McClure’s  opinion  that  the  creditable  literature  indicated  the  presence 
of  0. 1  to  0.2  per  cent  fluorine  in  enamel. 

The  analyses  made  since  McClure’s  review  have  indicated  a  lower 
fluorine  content  of  teeth  and  teeth  structures  than  had  been  found  by 
the  older  investigators.  The  recent  improvements  in  fluorine  ana¬ 
lytical  methods  have  resulted  in  a  downward  trend  of  the  determined 
amounts  of  fluorine  in  biological  materials.  Klemet  (8)  found  enamel 
and  dentin  to  possess  an  identical  fluorine  content,  namely  0.05  per 
cent.  Bowes  and  Murry  (3)  reported  enamel  to  contain  0.02  per  cent 
fluorine.  They  (4)  later  found  mildly  mottled  teeth  to  contain 
0.035  per  cent  fluorine  in  the  enamel  and  0.07  per  cent  in  the  dentin. 

*  Presented  at  the  Fifteenth  General  Meeting  of  the  International  Association  of 
Dental  Research,  Baltimore,  Maryland,  March  13,  1937  (/.  D.  Res.  16: 309, 1937).  This 
work  was  supported  by  a  grant  from  the  Graduate  Medical  Research  Fund  of  the  Uni¬ 
versity  of  Minnesota. 
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Munoz  (10)  reported  the  fluorine  content  of  normal  rats’  teeth  to 
vary  between  0.03  and  0.04  per  cent. 

The  disagreement  among  analysts  is  to  be  attributed  to  difficulties 
involved  in  the  analytical  procedures.  Until  recently  the  methods 
for  fluorine  analysis  gave  results  of  doubtful  accuracy,  especially 
when  applied  to  the  determination  of  small  amounts  of  this  element 
in  biological  material.  In  preparation  for  this  study  a  micro-method 
applicable  to  the  determination  of  the  fluorine  content  of  enamel  and 
dentin  with  an  error  rarely  exceeding  4  per  cent  has  been  developed  (1). 

METHOD 

The  teeth  were  prepared  for  anal)rsis  and  the  enamel  and  dentin  fractions  separated 
as  previously  described  (2).  The  specimens  were  all  sound  permanent  teeth  and  were  ob¬ 
tained  from  persons  whose  age  varied  between  25  and  74  years,  with  a  mean  of  40.4  years. 
Teeth  obtained  from  both  sexes  were  about  equal  in  number  and  all  tooth  types,  except 
third  molars,  were  studied.  Most  specimens  of  enamel  were  prepared  from  a  single 
tooth  but  in  ten  instances  the  enamel  fractions  of  homologous  teeth  from  the  same 
person  were  pooled. 

RESULTS 

Table  I  is  a  summary  of  the  results  of  analysis  of  42  specimens  of 
enamel.  Specimens  of  sound  deciduous  teeth  have  been  difficult  to 
obtain.  The  pooled  enamel  separated  from  the  crowns  of  three  such 
teeth  whose  roots  had  been  physiologically  resorbed  was  found  to 
contain  0.0072  per  cent  fluorine. 

No  complete  study  of  the  fluorine  content  of  individual  specimens 
of  dentin  has  been  undertaken.  Fifty  mg.  quantities  of  dentin  from 
each  of  26  sound  teeth  whose  enamel  fractions  had  been  analyzed 
were  pooled  and  mixed.  Analysis  of  this  mixture  gave  the  same 
result  for  the  mean  fluorine  content  of  dentin  as  would  have  been 
obtained  had  the  individual  specimens  been  separately  analyzed  and 
the  results  averaged.  The  results  of  three  separate  determinations 
were  0.0169,  0.0172,  0.0167  per  cent  fluorine.  That  dentin  contains 
more  fluorine  than  enamel  may  be  surprising  but  it  has  been  shown 
previously  (2)  that  dentin  possesses  larger  carbonate  and  magnesium 
contents  than  enamel.  In  the  first  paper  (2)  of  this  series  the  pos¬ 
sibility  was  mentioned  that  dentin,  but  not  enamel,  may  continue  to 
gain  certain  elements  by  interchange  between  itself  and  the  circulating 
fluids  after  eruption  of  the  teeth. 
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Fluorine  Content  of  Enamel  and  Dentin  of  Mottled  Teeth.  Mottled 
enamel  of  human  teeth  is  known  to  be  caused  by  an  excess  of  fluorine 
in  the  drinking  water  of  regions  in  which  this  dental  anomaly  is 
endemic  (5, 11).  It  would  be  supposed  that  such  teeth  would  contain 
a  greater  than  the  normal  amount  of  fluorine,  although  this  supposi¬ 
tion  has  not  been  clearly  demonstrated.  In  Table  II  is  presented  the 
results  of  analysis  of  some  typical  mottled  teeth.  Patient  A,  aged  16, 

TABLE  I 


Fluorine  content  of  enamel  of  sound  permanent  teeth 


MEAN  n.UOUNE  CONTENT 

STD.  DEVIATION  OP  KEAN 

lANGE  OP  PLUOUNE  CONTENT 

per  cent 

per  cent 

percent 

0.0111 

0.00186 

0.0073-0.0167 

TABLE  II 

Fluorine  content  of  enamel  and  dentin  of  mottled  teeth 


PATIENT 

TOOTH 

DEGSEE  GAEIES 

PLUOBINE 

Enamd 

CONTENT 

Dentin 

per  cent 

per  cent 

0.0371 

A 

None 

0.0379 

0.0425 

None 

0.0406 

B 

Severe 

0.0357 

Severe 

0.0333 

Moderate 

0.0361 

■■ 

Questionable 

0.0343 

had  lived  during  her  early  childhood  at  Grinnell,  Iowa.  Most  of  the 
teeth  were  slightly  mottled.  Patient  B,  aged  41,  had  lived  during  the 
first  19  years  of  life  at  Durango,  Mexico.  Her  teeth  were  all  severely 
mottled  and  the  enamel  of  many  of  them  was  pitted,  broken  and 
carious.  The  pooled  dentin  of  the  teeth  of  Patient  A  contained 
0.0504  per  cent  fluorine.  The  high  fluorine  content  of  the  enamel 
and  dentin  of  mottled  teeth  is  direct  evidence  that  fluorine  is  the 
etiological  factor  in  the  production  of  the  condition.  These  results 
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also  indicate  that  a  relatively  low  fluorine  content  of  enamel  markedly 
alters  its  properties. 


SUMMARY 

The  mean  fluorine  content  of  enamel  and  dentin  of  sound  teeth  has 
been  determined  to  be,  respectively,  0.0111  and  0.0169  per  cent.  The 
fluorine  content  of  enamel  and  dentin  of  mottled  teeth  has  been  found 
to  be  higher  than  that  of  normal  teeth. 
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SEMIMICRO-DETERMINATION  OF  TOOTH  AND 
BONE  CALCIUM 


MARIAN  L.  LeFEVRE,  M.S.  and  ELEANOR  NICHOLSON 

Department  of  Biochemistry  and  Pharmacology,  School  of  Medicine  and  Dentistry, 
University  of  Rochester,  Rochester,  New  York 

With  the  development  of  a  rapid  quantitative  method  for  the  sepa¬ 
ration  of  enamel  and  dentine  of  the  whole  tooth  (1)  has  come  the  need 
for  precise  micro-methods  for  the  determination  of  the  inorganic 
constituents  of  samples  of  20-200  7  of  tooth  substance.  The  widely 
accepted  method  of  precipitating  calcium  as  the  oxalate,  followed  by 
titration  with  potassium  permanganate,  is  rapid  and  in  the  micro- 
range  has  an  error  not  greater  than  2  per  cent  (2,  3).  As  an  oxidizing 
agent,  potassium  permanganate  has  disadvantages  which  have  led 
to  increased  use  of  ceric  sulfate  (4,  5),‘  the  solution  of  which  is  easily 
prepared  and  stable  over  long  periods  of  time.  The  following  is  an 
adaptation  of  the  Kramer  and  Tisdall  (2)  method  to  the  determination 
of  amounts  of  calcium  ranging  from  7  to  75  mg.  The  calcium  is 
precipitated,  as  oxalate,  from  solution  at  a  pH  of  4,  dissolved  in  con¬ 
centrated  hydrochloric  acid,  and  titrated  in  hot  solution  with  0.1  iV 
ceric  sulfate,  using  iodine  monochloride  as  a  catalyst  and  o-phenan- 
throline  ferrous  complex  as  indicator.  The  results  of  120  determina¬ 
tions  show  an  average  percentage  deviation  from  the  mean  of  less 
than  0.7  and  an  average  percentage  error  of  less  than  0.8. 

Reagents,  (i)  Saturated  (NH4)2Cj04.  {2)  Methyl  red,  0.02  per 
cent  ale.  (J)  10  per  cent  NH4OH.  (4)  0.2  N  HCl.  (5)  Wash  solu¬ 
tion,  2  per  cent  NH4OH  in  equal  parts  of  alcohol,  ether  and  water. 
(<5)  Concentrated  HCl;  sp.g.,  1.17-1.18.  (7)  0.1  N  ceric  sulfate. 
Weigh  approximately  64  gm.  of  ceric  ammonium  sulfate  (“Cerox”, 
obtained  from  Oscar  T.  Coffelt,  Jackson,  Michigan)  into  a  liter  beaker; 
add  700  cc.  of  water  and  55.5  cc.  of  concentrated  sulfuric  acid.  Stir 

‘  While  this  paper  was  being  prepared  for  publication  a  ceric  sulfate  method  for  serum 
calcium  was  described  by  Katzman  and  Jacobi  (5). 
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until  dissolved;  transfer  to  a  liter  volumetric  flask  and  make  up  to 
volume.  (8)  Iodine  monochloride.  Prepare  by  dissolving  0.279  gm. 
of  potassium  iodide  and  0.178  gm.  of  potassium  iodate  in  250  cc.  of 
water  and  adding,  all  at  once,  250  cc.  of  hydrochloric  acid  (4).  Trans¬ 
fer  to  a  separatory  funnel,  add  a  few  cc.  of  carbon  tetrachloride,  and 
adjust  by  adding  small  amounts  of  dilute  potassium  iodide  or  potas¬ 
sium  iodate  solution  until  the  carbon  tetrachloride  is  just  faintly  pink 
(5).  Remove  the  carbon  tetrachloride  and  store  solution  in  a  dark 
glass-stoppered  bottle.  (9)  o-phenanthroline  ferrous  complex,  0.025 
M  (obtained  from  the  G.  Frederick  Smith  Chemical  Company  in 
Columbus,  Ohio). 

Method.  Aliquots  are  delivered  into  centrifuge  tubes  and  the 
calcium  precipitated  according  to  the  method  of  Kramer  and  Tisdall 
(2).  If  the  sample  contains  more  than  10  mg.  of  calcium,  a  50-cc. 
centrifuge  tube  is  used;  if  less  than  10  mg.,  a  15-cc.  tube  is  used.  A 
drop  of  methyl  red  is  added  and  the  pH  adjusted  with  10  per  cent 
XH4OH  and  0.2  N  HCl  until  just  acid  to  the  indicator.  Saturated 
ammonium  oxalate  is  added  dropwise,  with  constant  stirring,  using 
approximately  1  cc.  of  solution  for  every  10  mg.  of  calcium.  The 
stirring  rods  are  made  by  drawing  out  glass  rods  to  a  diameter  of 
about  1  mm.  and  making  a  slight  bend  in  one  end  of  the  rod,  first  to 
the  right  and  then  to  the  left.  Complete  stirring  may  be  obtained  by 
rotating  this  rod  rapidly  between  the  thumb  and  first  finger  while 
mov’ing  it  slowly  up  and  down  in  the  centrifuge  tube.  The  precipitate 
is  allowed  to  stand  for  30  minutes  and  then  centrifuged  at  2500  r.p.m. 
for  5  minutes.  The  supernatant  liquid  is  decanted;  the  tubes  are 
allowed  to  drain  inverted  over  a  towel  for  1  minute.  Five  cc.  of  wash 
solution  are  then  added  and  the  precipitate  stirred  thoroughly  and 
again  centrifuged  for  5  minutes.  At  this  point  no  attempt  is  made  to 
clean  the  stirring  rods,  for  during  the  precipitation  and  washing  the 
rod  for  each  tube  is  kept  in  a  numbered  rack  and  used  only  for  that 
tube.  After  centrifuging  and  draining,  the  precipitate  is  washed  the 
second  time,  centrifuged  and  drained  as  before.  From  the  tip  of 
a  pipet  or  small  buret,  concentrated  HCl  is  added,  washing  down  the 
sides  of  the  tube  and  any  precipitate  from  the  small  stirring  rod.  If 
a  15-cc.  centrifuge  tube  is  used,  the  sample  is  transferred  to  a  50-cc. 
beaker  using  a  jet  of  water  from  a  small  wash  bottle  having  a  bent 
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tip,  or  the  titration  may  be  carried  out  in  the  centrifuge  tube  as  is  done 
with  the  larger  samples.  In  any  case,  mechanical  stirring  is  used 
during  the  titration.  The  sample  is  heated  to  90®C.,  the  source  of 
heat  removed,  and  0.1  iV  ceric  sulfate  run  in  from  an  immersion  tip 
buret  until  the  end  point  is  nearly  reached.  This  is  determined  by 
the  rapidity  with  which  the  yellow  color  of  the  ceric  ion  disappears. 
The  addition  of  the  ceric  sulfate  lowers  the  temperature  of  the  solution 
to  approximately  70°C.  One  drop  of  the  o-phenanthroline  ferrous 
complex  is  then  added  and  the  solution  titrated  to  a  pale  blue  color. 
A  temperature  of  at  least  60°C.  must  be  maintained  throughout  the 
titration.  The  titration  of  the  blank  is  carried  out  in  the  same  manner 
as  the  sample  using  the  same  number  of  drops  of  indicator. 

Experimental  details.  1.  Various  wash  solutions  have  been  tested.  The  one  recom¬ 
mended  above  has  the  advantage  of  preventing  the  formation,  on  top  of  the  solution,  of 
a  film  of  the  precipitate  which  cannot  be  thrown  down  by  centrifugation.  2.  If  over  10 
mg.  of  calcium  are  being  determined,  5  cc.  of  concentrated  HCl  and  2  cc.  of  IG  are  used. 
With  less  than  10  mg.  of  calcium,  2  cc.  of  HG  and  0.5  cc.  of  IG  are  sufficient.  3.  The 
IG  catal)rst  should  be  made  up  fresh  at  least  every  two  weeks.  Results  of  using  older 
IG  solutions  are  shown  by  the  following:  When  aliquots  containing  0.1675  gm.  of  XatCi04 
were  titrated  in  duplicate,  24.60  and  24.62  cc.  of  ceric  sulfate  were  needed  when  5  cc.  of 
a  solution  of  IG  older  than  two  weeks  were  used;  but  24.40  and  24.40  cc.  were  required 
when  5  cc.  of  a  fresh  solution  were  used.  4.  If  a  small  beaker  is  used  for  the  titration, 
it  is  heated  on  an  asbestos  pad  supported  on  a  ring  over  a  micro-burner.  The  centrifuge 
tube  is  heated  in  a  water  bath.  In  both  cases,  a  thermometer  is  suspended  from  the  bar 
supporting  the  mechanical  stirrer.  5.  .\  5-cc.  buret  graduated  in  0.01  cc.  is  used  for 
amounts  of  calcium  less  than  10  mg.  6.  For  a  small  titration  volume,  a  1 : 1  dilution  of 
the  indicator  is  used.  (Dilutions  up  to  1:5  may  be  used  instead.)  The  indicator  being 
a  0.025  M  solution  of  a  reducing  agent  has  an  appreciable  effect  when  the  total  volume 
of  ceric  sulfate  is  only  2-3  cc. 

Data.  Table  I  contains  the  results  of  1 20  determinations  of  calcium 
ranging  in  amount  from  7.76  mg.  to  76.0  mg.  The  values  for  per¬ 
centage  deviation  from  the  mean  range  from  0.2  to  2.0,  average  0.7, 
and  the  values  for  percentage  error  range  from  0.0  to  2.1,  average  0.8. 

In  Table  II  are  the  values  for  20  determinations  on  ashed  tooth 
and  bone  substance.  The  values  for  percentage  deviation  from  the 
mean,  for  two  sets  of  duplicate  determinations  on  single  teeth,  are 
0.25  and  0.10;  for  16  determinations  on  a  composite  bone-sample, 
the  value  was  1.0.  Previous  work  in  this  laboratory'  has  shown  con¬ 
siderable  variation  in  the  composition  of  bone  samples,  which  may 
account  for  the  range  of  1.31  mg.  shown  in  Table  II. 
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Summary.  A  method  is  described  whereby  from  7  to  75  mg.  of 
calcium  can  be  determined  with  a  percentage  deviation  from  the 
mean  not  greater  than  0.7,  and  a  percentage  error  not  greater  than 
0.8.  The  calcium  is  precipitated  as  oxalate,  and  titrated  with  ceric 

TABLE  I 


Calcium  determinations  on  known  samples 


Ca  IN  SAMPU 

NUKBEl  or 
DETEUONATIONS 

DEVIATION  FKOM  ICEAN 

ESBOR 

mt- 

per  cent 

per  cent 

7.76 

7 

0.5 

0.5 

9.97 

22 

0.7 

1.0 

11.84 

7 

1.0 

0.7 

23.7 

12 

0.4 

0.0 

25. 0 

8 

2.0 

1.4 

29.6 

21 

0.8 

0.5 

38.75 

10 

0.5 

1.0 

49.85 

8 

0.2 

0.3 

50.0 

8 

0.4 

1.0 

75.0 

14 

0.4 

1.8 

76.0 

3 

0.3 

•.  0.0 

Total  number  of  determinations .  120 

Average  percentage  deviation  from  mean .  0.7 

Average  percentage  error .  0.8 


Total  number  of  determinations .  120 

Average  percentage  deviation  from  mean .  0.7 

Average  percentage  error .  0.8 


TABLE  II 

Calcium  determinations  on  tooth  and  bone  substance 


ASHED  TlSSt-E 

SAHPLE 

NUMBER  or  1 
DETERMI¬ 
NATIONS 

Ca  POUND 

AVERAGE 

DEVUTION 

Human  tooth  A . 

mg. 

6.39,  6.42 

Human  tooth  B . 

6.69^  6.70 
min.  25.27 
max.  26.58 
av.  26.10 

i 

Human  bone  (composite  sample) . 

70.0 

“  ( 

1.0 

sulfate  using  iodine  monochloride  as  a  catalyst  and  o-phenanthroline 
ferrous  complex  as  the  indicator.  Although  this  method  is  identical 
in  principle  with  the  method  used  previously  (3),  it  has  the  advantage 
in  that  it  uses  an  oxidizing  agent  the  solution  of  which  is  easily  pre- 
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pared  and  stable  over  long  periods  of  time,  and  by  its  modified  tech¬ 
nique  decreases  the  error  of  the  previous  method  by  more  than  half. 

The  authors  wish  to  express  their  appreciation  of  the  help  and  suggestions  of  Dr. 
Harold  C.  Hodge  during  this  work. 
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TOOTH  SUSPENSION.  A  COMPARATIVE  STUDY  OF 
THE  PARADENTAL  TISSUES  OF  MAN  AND 
OF  THE  GUINEA  PIG‘ 


PAUL  E.  BOYLE,  D.M.D. 

Departments  of  Pathology,  Medical  School  and  Operative  Dentistry,  Dental  School, 
Harvard  University,  Boston,  Mass. 

Studies  of  the  effect  of  diets  deficient  in  ascorbic  acid  (vitamin  C) 
upon  the  periodontal  tissues  of  man  and  of  the  guinea  pig  (1,2)  have 
necessitated  observations  on  the  manner  in  which  these  tissues  func¬ 
tion. 


I.  HUMAN  TEETH 

The  literature  on  this  subject  has  been  sununarized  by  Kronfeld 
(3).  The  accepted  facts  briefly  stated  are 

(1)  The  teeth  are  attached  to  the  surrounding  alveolar  bone  by  means  of  collagenous 
bundles  of  fibers  which  are  embedded  in  the  cementum  of  the  tooth  surface  on  the  one 
hand  and  in  the  bone  on  the  other.  Pressures  upon  the  teeth — e.g.  the  forces  of  mastica¬ 
tion,  are  transmitted  by  way  of  these  fibers  as  tension  to  the  surrounding  bone.  The 
mouth  epithelium  is  also  attached  to  the  tooth  surface  at  the  junction  of  the  clinical 
crown  and  the  root.  (2)  The  fiber  bundles  run  from  the  cementum  to  the  bone.  Be¬ 
tween  the  bundles  of  fibers,  blood  and  lymph  vessels  and  nerves  are  located.  They  are 
surrounded  by  more  delicate  collagen  fibers  and  by  elastic  fibers.  (3)  The  space  between 
the  root  surface  and  the  alveolar  bone,  occupied  by  the  periodontium,  tends  to  be  hour¬ 
glass  in  shape.  The  narrowest  part  is  situated  at  approximately  the  level  of  the  junction 
of  the  middle  and  apical  thirds  of  the  tooth  root.  This  region  is  the  neutral  zone  about 
which  the  tooth  rotates  during  mastication. 

The  relations  between  the  tooth  and  its  investing  tissues  are  diagra- 
matically  illustrated  in  fig.  1. 

The  present  report  will  be  confined  to  the  incisor  teeth  since  they 
have  a  single  root  and  offer  relatively  simple  conditions  for  study. 
Incisal  forces  tend  to  press  the  teeth  into  their  sockets  and  to  rotate 
them  so  that  the  upper  portion  of  the  root  is  forced  toward  the  crest 

*  Aided  by  a  grant  from  the  Milton  Fund  to  the  University  Committee  on  Research 
in  Dental  Medicine. 
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of  the  labial  alveolar  process  and  the  apical  portion  away  from  the 
labial  process.  Each  component  of  force  will  be  considered  separately 
at  first  for  the  sake  of  simplicity.  The  tooth  root  tapers  from  the 
neck  of  the  tooth  to  the  apex.  Though  it  forms  a  segment  of  an 


Fig.  1.  Diagram  of  human  incisor  tooth  and  surrounding  structures.  Note  hour  glass 
shape  of  periodontal  membrane  with  constriction  at  about  junction  of  middle  and  apical 
thirds  of  tooth  root  (rotation  pwint).  Region  incisal  to  constriction  is  adapted  to  dissi¬ 
pation  of  severe  pressure  by  means  of  reciprocally-acting  hydraulic  and  snubber  shock 
absorber  mechanisms.  Bone  lining  alveolus  is  dense  and  small  tortuous  vessels  of  perio¬ 
dontal  membrane  communicate  in  but  few  areas  with  vessels  of  marrow  spaces.  Apical 
part  of  periodontal  membrane  is  designed  to  rapidly  dissipate  relatively  minute  pressures. 
It  contains  many  large  vessels  which  communicate  with  wide  marrow  spaces  through 
numerous  openings  in  alveolar  bone. 


Archimedian  spiral  (A),  we  may  consider  it  for  the  present  as  a  cone 
resting  in  an  hour-glass  shaped  recepticle.  Since  the  periodontal 
membrane  is  composed  of  soft  tissue,  well  supplied  with  blood  and 
lymph  vessels,  it  may  be  regarded  as  a  fluid  which  is  practically  in¬ 
compressible.  Pressures  directed  along  the  longitudinal  axis  of  the 
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tooth  are  then  distributed  equally  by  way  of  the  fluid  to  the  surround¬ 
ing  walls  of  the  alveolus.  Downward  movement  of  the  tooth  can 
take  place  only  as  the  fluid  is  displaced,  chiefly  by  w'ay  of  the  vascular 
supply.  Hydraulic  pressures  may  reach  considerable  magnitudes  in 
the  periodontal  chamber  incisal  to  the  rotation  point.  The  bony 
walls  are  dense  and  few^  channels  are  found  by  which  fluid  may  escape 


J.  I’lxitoniicronrapli  of  occlusiil  part  of  paratlotitium  on  lingual  side  i>f  human 
-Note  tiense  alveolar  anehora>;e  hone  with  hut  few  small  vascular  channels. 
(Orijt.  ma>;.) 


h\  way  of  vessels  running  from  the  periodtmtium  to  the  marrow- 
spaces.  ( //g.  This  incisal  portion  of  the  periodontium  functions 
as  a  hydraulic  chamber  designed  to  ilissipate  severe  shocks  i  The 
rate  of  downward  displacement  of  a  piston  in  a  hydraulic  chamber 
varies  with  the  size  of  the  outlets,  the  force  applied  being  constant  and 
the  viscosit V  of  the  fluid  ettneerned  remaining  unchanged.' 
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The  apical  portion  of  the  periodontium  contains  many  large  vessels 
which  communicate  freely  with  the  blood  vessels  of  the  marrow  spaces. 
This  region  functions  as  a  hydraulic  chamber  from  which  the  outlets 
are  large,  and  is  therefore  designed  to  rapidly  dissipate  hydraulic 
pressure  of  much  less  magnitude,  (  fi^.  3) 

If  the  tooth  were  a  simple  cone  and  the  forces  exerted  upon  it  were 
solely  longitudinal,  the  periodontal  fibers  might  be  arranged  uniformly 
about  the  tooth  root  and  would  function  by  limiting  the  excursion  of 
the  root  into  the  alveolus.  .After  analyzing  the  function  of  such 
a  periodontal  apparatus  during  mastication,  the  following  sequence 


/•/i’.  .i.  Apical  par)  of  paradentium  of  human  tooth.  Note  lar^e  vascular  channels 
and  numerous  communications  with  vessels  of  periodontal  membrane.  X  .^5.  (Orift- 
ma^.) 

of  events  may  be  postulated’  1-  'I'he  first  force  of  occlusion  is  trans¬ 
mitted  as  hydraulic  j)ressure  to  the  walls  of  the  periodontal  space. 
Owing  to  the  tapering  shape  of  this  sjtace,  jtressures  in  the  crownward 
region  may  reach  a  considerable  magnitude.  I'he  small  tortuous 
vessels  draining  this  region  through  minute  channels  communicating 
with  the  marrow  spaces  regulate  movement  of  the  root  into  the  alve¬ 
olus  (.S).  In  the  apical  part  of  the  periodontal  space,  however,  this 
regulated  movement  of  the  tooth  sets  up  only  slight  hydraulic  pressure 
owing  to  the  relatively  small  bulk  of  the  aj)ex  of  the  root,  the  wide 
periodontal  space,  and  the  numerous  large  blood  vessels  which  com- 
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municate  freely  with  the  marrow  spaces  in  the  surrounding  bone. 
2 — The  collagen  fibers,  which  are  twisted  and  intertwined  somewhat 
like  the  strands  of  a  loosely  woven  rope,  reach  the  limit  of  their  ex¬ 
tensibility  and  further  movement  of  the  root  is  stopped.  Thus 
occlusal  force  is  at  first  transmitted  entirely  as  hydraulic  pressure  to 
the  surrounding  alveolar  bone,  but  as  the  maximum  occlusal  force  is 


Fig.  4.  Diagram  illustrating  function  of  periodontal  tissues  during  occlusion  of  the 
teeth. 

a.  At  first  application  of  force,  tooth  (piston  A)  distributes  pressures  by  way  of 
periodontal  membrane  (hydraulic  chamber  B).  There  is  no  tension  on  periodontal  fibers 
(D).  Movement  of  tooth  into  alveolus  is  possible  only  as  fluid  escapes  by  way  of  vessels 
draining  periodontal  membrane  (C). 

b.  Movement  of  tooth  into  alveolus  is  checked  by  periodontal  fibers  (D).  .\t  this 
time  full  force  of  occlusion  is  transmitted  as  tension  to  alveolar  bone. 


reached  and  maintained,  the  hydraulic  pressure  becomes  zero  and 
the  entire  force  is  transmitted  as  tension  on  the  collagenous  periodontal 
fibers,  {fig.  4) 

This  mechanism  may  be  compared  to  reciprocally  acting  hydraulic 
and  snubber  type  shock  absorbers.  From  the  physiological  point 
of  view,  either  alone  would  be  inadequate.  The  hydraulic  mechanism 
would  allow  downward  movement  of  the  tooth  to  such  an  extent  that 
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the  soft  tissues  would  be  crushed  between  the  tooth  root  and  the 
alveolar  bone.  The  snubbers  acting  alone  would  be  subjected  to 
sudden  severe  strains.  Their  reciprocal  action  with  the  gradual 
transfer  of  stress  from  the  hydraulic  to  the  snubber  mechanism  avoids 
the  undesirable  features  of  either  system  alone.  (The  application  of 
forces  to  the  teeth  sufficient  to  damage  the  periodontal  tissues  is 
normally  guarded  against  by  the  presence  of  a  rich  sensory  nerve 
supply  to  these  tissues.) 

The  tooth  actually  differs  in  several  respects  from  the  simple  cone 
form  assumed  above.  These  modifications  all  appear  to  confer 
definite  physiological  advantages.  The  tooth  itself  curves  in  antero¬ 
posterior  and  mesio-distal  planes.  This  form  affords  added  surface 
for  the  attachment  of  the  periodontal  fibers.  It  also  removes  the 
apical  foramen,  through  which  the  vascular  and  nerve  supply  to  the 
dental  pulp  enters  the  tooth,  from  the  direct  line  of  application  of 
occlusal  forces.  If  the  tooth  were  a  rigid  non-resilient  body,  the 
spiral  form  would  not  so  function.  Actually,  however,  the  dentin, 
of  which  the  bulk  of  the  tooth  is  composed,  is  one  of  the  most  perfectly 
resilient  substances  known.  The  tapering  form  of  the  tooth  and  the 
hollow  center  occupied  by  the  pulp  chamber  add  to  the  efficiency  of 
the  design  for  function  as  a  relatively  rigid  coiled  spring  to  which 
tooth  shape  conforms.  The  cross  section  of  the  tooth  also,  with  the 
relatively  flat  curvature  of  the  labial  and  mesial  sides,  affords  max¬ 
imum  efficiency  for  this  type  of  function.  Incisal  forces  are  not 
normally  applied  along  the  longitudinal  axis  of  the  tooth  as  assumed 
above,  but  actually  tend  to  rotate  the  tooth  about  a  point  situated 
in  the  apical  half  of  the  root.  During  occlusion,  therefore,  the  incisal 
part  of  the  tooth  is  moved  labially  as  well  as  apically.  Numerous 
dense  fiber  bundles  anchored  in  the  relatively  massive  lingual  bone 
limit  the  degree  of  labial  movement.  Actual  contact  of  the  tooth 
surface  with  the  alveolar  bone  is  impossible  as  long  as  the  suspending 
mechanism  on  the  opposite  side  remains  in  function.  Tooth  move¬ 
ment  within  physiological  limits  is  restricted  to  a  small  fraction  of  the 
actual  width  of  the  periodontal  space.  The  cross  section  of  the  tooth, 
previously  described,  is  efficiently  constructed  to  distribute  maximum 
pressure  on  the  labial  and  mesial  surfaces  and  afford  maximum  attach¬ 
ment  for  collagen  fibers  on  the  lingual  and  distal  surfaces. 
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n.  TEETH  OF  RODENTS 

The  constantly  growing  incisor  teeth  of  the  guinea  pig  and  the  rat 
are  suspended  in  essentially  the  same  manner  as  are  the  fully  formed 
teeth  of  man.  (Jig.  5).  A  number  of  interesting  modifications  to 
provide  a  suitable  environment  for  the  formation  of  enamel  and  dentin 


Pig.  5.  Diagram  of  rodent  incisor  tooth.  Note  dense  anchorage  bone  of  anterior 
lingual  alveolar  process  and  compare  with  bone  trabeculae  on  labial,  enamel-covered  side, 
designed  to  withstand,  chiefly,  pressure  forces.  Relatively  great  size  of  blood  vessels 
and  number  of  communications  with  marrow  spaces  in  formative  region  as  compared 
with  incisal  region  should  also  be  noted. 

in  the  proximal  part  of  the  tooth  while  the  distal  part  is  in  occlusal 
function  have  been  observed.  Other  than  the  greater  size  of  the  tooth 
of  the  guinea  pig,  no  essential  differences  have  been  observed  in  tooth 
suspension  in  this  animal  and  in  the  rat. 

The  proximal  formative  end  of  the  rodent  incisor  is,  except  for  the 
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thickness  of  enamel,  essentially  of  the  same  cross-sectional  dimensions 
as  the  fully  formed  distal  (incisal)  end.  The  tapered  root  of  the  adult 
human  tooth  is  thus  contrasted  with  a  tooth  of  essentially  constant 
diameter.  The  latter  tooth  is  relatively  less  efficient  in  confining 
the  initial  hydraulic  effects  of  occlusal  pressures  to  the  incisal  part  of 
the  periodontal  space.  Yet  because  of  the  constantly  forming  enamel 
and  dentin  in  the  proximal  region,  forces  here  must  be  minimal.  The 
loss  of  efficiency  due  to  the  lack  of  taper  of  the  root  has  been  com¬ 
pensated  for  in  a  number  of  ways. 


Pig.  6.  Cross  section  of  rodent  incisor  tooth  in  region  where  enamel  is  being  formed. 
Note  blood  vessels  cushioning  enamel  organ. 


1.  The  Archimedian  spiral  plan  of  tooth  form  is  much  more  pro¬ 
nounced  in  the  teeth  of  rodents  than  in  human  teeth.  2.  The  tooth 
is  almost  solid  in  cross  section  at  the  incisal  end;  toward  the  proximal 
it  becomes  a  tube,  the  walls  of  which  grow  increasingly  thinner  and 
less  rigid  until  at  the  formative  end  they  are  of  uncalcified  tissue. 
Thus  in  its  function  as  a  spiral  spring,  the  tooth  of  the  rodent  varies 
from  almost  perfect  resilience  at  the  incisal  end  to  almost  complete 
flexibility  at  the  growing  end.  3.  The  bulk  of  the  anchorage  bone 
and  the  number  of  fiber  bands  of  the  periodontal  space  are  relatively 
greater  than  in  human  teeth.  4.  The  number  and  size  of  the  blood 
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vessels,  the  communications  with  the  bone  marrow  spaces,  and  the 
width  of  the  periodontal  spaces,  particularly  at  the  growing  end  of 
the  tooth,  are  all  relatively  great  in  the  rodent.  The  extraordinary 
size  of  the  blood  vessels  is  especially  noteworthy. 

In  cross  section  the  form  of  the  rodent’s  incisor  is  almost  identical 
with  that  of  the  cross  section  of  the  mid  portion  of  the  root  of  the 
human  incisor.  (Jig.  6). 

The  periodontal  space  of  the  constantly  growing  incisor  is  like  that 
of  the  human  incisor,  hour-glass  in  shape,  having  a  rotation  point 
located  in  the  proximal  half  of  the  embedded  part  of  the  tooth.  En¬ 
amel  formation,  but  not  calcification,  is  completed  by  the  time  the 
forward  migrating  ameloblasts  have  reached  this  point.  Enamel 
covers  the  labial  surface  of  the  incisor  only.  Completion  of  enamel 
deposition  in  the  region  proximal  to  the  rotation  point  is  in  harmony 
with  the  hypothesis  that  while  pressures  may  be  great  in  the  anterior 
part  of  the  periodontal  membrane,  they  must  normally  be  slight  in 
the  proximal  part.  Enamel  is  formed  in  an  enivronment  protected 
from  external  stress.  Enamel  formation  in  human  teeth  is  completed 
before  the  tooth  erupts  from  its  bony  crypt.  In  rodent  teeth,  enamel 
formation  is  completed  in  a  similarly  protected  environment,  in  spite 
of  frequent  and  severe  functional  stresses  at  the  opposite  end  of 
the  tooth. 

The  presence  of  enamel  on  the  labial  convex  surface  of  the  tooth 
and  its  increasing  calcification  as  the  incisal  end  is  approached  gives 
further  rigidity  to  the  biting  end  of  the  tooth.  The  presence  of 
enamel  on  one  surface  while  the  remaining  surfaces  are  covered  with 
cementum  allows  a  separation  of  the  periodontium  of  the  rodent 
incisor  into  suspending  and  cushioning  parts.  The  region  over  the 
enamel  cannot  function  to  any  appreciable  extent  as  a  suspending 
mechanism.  The  bone  surrounding  this  region  is  composed  of  thin 
lamellae  backed  by  trabeculae  arranged  along  the  line  of  the  pressure 
forces  applied  during  mastication.  The  bone  on  the  suspending 
cementum-covered  surface  is,  in  contrast,  massive  in  structure.  This 
bone  serves  as  an  anchorage  for  the  tooth  by  means  of  the  imbedded 
periodontal  fibers. 

The  periodontal  membrane  of  the  rodent  incisor,  like  that  of  the 
human  tooth,  contains  a  rich  plexus  of  nerve  fibers. 
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SUMMARY 

1.  The  teeth  of  man  and  of  rodents  are  so  designed  that  the  func¬ 
tional  stresses  of  occlusion  are  absorbed  and  dissipated  chiefly  in  the 
incisal  part  of  the  paradentium.  The  apical  part  of  the  paradentium 
is  subjected  to  relatively  minute  forces.  2.  The  first  force  of  occlusion 
is  exerted  as  hydraulic  pressure  on  the  walls  of  the  alveolus.  3.  Escape 
of  fluid  by  means  of  vascular  channels  communicating  with  the  bone 
marrow  spaces  allows  a  gradual  extension  of  the  periodontal  fibers  by 
which  the  full  force  of  occlusion  is  ultimately  transmitted  as  tension 
to  the  alveolar  bone.  4.  Further  efficiency  in  the  absorption  of 
occlusal  forces  is  secured  by  the  spiral  form  of  the  teeth  themselves 
and  the  resiliency  of  the  dentin  of  which  they  are  composed.  5.  The 
cross-sectional  form  of  the  tooth  root  is  efficiently  designed  to  resist 
forces  tending  to  flatten  the  arc  of  longitudinal  curvature  of  the 
tooth.  This  form  also  offers  efficiently  shaped  surfaces  for  the  trans¬ 
mission  of  pressures  on  the  labial  and  mesial  sides,  while  furnishing 
maximum  surface  for  attachment  of  the  periodontal  fibers  on  the 
lingual  and  distal  sides.  6.  Enamel  formation  in  rodents  is  carried  on 
in  the  protected  environment  of  the  apical  region.  A  number  of 
modifications  of  tooth  form  and  of  periodontal  structures  contribute 
to  the  maintenance  of  such  an  environment. 
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HOW  MAY  BACTERIA  ENTER  THE  PULPS  OF 
INTACT  TEETH?* 

OSCAR  KANNER,  M.D. 

The  Foundation  for  Dental  Research  of  the  Chicago  CoUege  of  Dental  Surgery 

Streptococci  and  other  bacteria  have  frequently  been  grown  from 
clinically  and  histologically  normal  pulps,  even  when  postextraction 
contamination  seemed  to  be  practically  excluded  by  appropriate 
precautions.  This  has  recently  been  confirmed  by  Fish  and  Maclean 
(1)  and  by  Tunnicliff  and  Hammond  (2)  who  describe  the  use  of 
very  efficient  methods  of  surface  sterilization  of  extracted  teeth,  at¬ 
tempting  to  overcome  or  to  recognize  accidental  surface  contamina¬ 
tion.  Attention  has  been  called  to  the  apparent  incongruity  of 
finding  bacteria  in  tissues  of  normal  appearance,  without  any  signs 
of  cellular  response  or  degenerative  changes.  Fish  and  Maclean 
explain  this  incongruity  by  the  assumption  that  the  bacteria  found 
within  the  otherwise  normal  pulps  of  extracted  teeth  had  not  been 
there  prior  to  the  extraction.  In  the  opinion  of  these  authors,  they 
are  derived  from  the  bacterial  flora  of  the  gingival  crevices,  or  pyorrhea 
pockets,  and  gain  access  to  the  pulp  tissue  during  extraction: 

“ - It  is  quite  safe  to  say  that  the  vast  majority  of  teeth  which  are  extracted  have  a 

definite  mass  of  soft  granulation  tissue  at  the  gum  margin  with  a  heavily  infected  perio¬ 
dontal  sulcus.  The  technique  of  extraction  in  most  cases  involves  pressing  the  forceps 
up  through  the  necrotic  infected  material  of  the  pocket  into  this  hyperaemic  granulation 
tissue  of  the  gum  margin.  The  result  of  this  manoeuvre  is  to  open  up  the  numerous 
capillaries  of  the  granulation  tissue  and  present  organisms  to  the  rents  in  their  walls  on 
the  infected  blades  of  the  forceps.  The  rocking  of  the  tooth  then  follows  causing  alter¬ 
nately  a  positive  and  negative  pressure  on  the  vessels  of  the  periodontal  membrane.” 

These  authors  assume  that  changes  in  volume  of  the  periodontal 
membrane  are  induced  by  the  alternation  of  compression  and  stretch¬ 
ing  with  the  forceps,  and  are  brought  about  by  corresponding  move¬ 
ments  of  the  blood  and  tissue  fluids  within  the  capillaries.  They 

*  Read  at  a  meeting  of  the  Chicago  Section  of  the  International  Association  for  Dental 
Research,  May  21,  1937. 


47 


48 


OSCAR  RANKER 


believe  the  infected  material  from  the  gingival  crevice  is  sucked  into 
the  opened  vessels  in  the  periodontal  membrane  and  pumped  into 
the  blood  and  lymph  channels  by  the  tooth  movements  during  ex¬ 
traction.  Fish  and  Maclean  have  attempted  to  prove  their  point  by 
experimenting  on  teeth  extracted  from  the  same  patient.  The  gum 
margins  of  these  teeth  were  inflamed  and  presented  pockets  of  2 
to  3  mm.  depth  which  contained  traces  of  pus.  In  the  same  mouth  2 
teeth  were  extracted  in  the  usual  way  with  due  caution  against  touch¬ 
ing  the  gum  margin  and  2  were  extracted  after  cauterization  of  the 
“p)ockets.”  Organisms  were  found  in  the  pulps  of  the  non-cauterized 
teeth  ;  they  were  not  found  in  the  pulps  of  the  two  cauterized  incisors. 

It  appears  that  the  hypothesis  of  Fish  and  Maclean  is  of  consider¬ 
able  clinical  and  theoretical  importance.  If  this  hypothesis  is  work¬ 
able,  conclusions  drawn  from  numerous  bacteriologic  investigations 
about  apical  infection,  and  even  focal  infection  in  general,  would  have 
to  be  reconsidered.  It  is  a  rather  pertinent  question  whether  micro¬ 
organisms  found  within  teeth  may  represent  artifacts.  The  cauteriza¬ 
tion  exjjeriments  of  Fish  and  Maclean  tend  to  confirm  the  hypothesis. 
However,  it  is  quite  conceivable  that  this  tendency  to  confirmation 
may  not  be  considered  suflBcient  foundation  to  permit  revision  of 
previous  interpretations  of  bacteriologic  findings.  Therefore,  it 
appeared  desirable  to  carry  out  more  experimental  investigations  to 
test  the  hj’pothesis  that  bacteria  may  enter  the  pulps  of  intact  teeth 
during  and  because  of  extraction. 

Two  series  of  exj)eriments  were  carried  out  to  investigate  the  pos¬ 
sible  mechanism  by  which  bacteria  may  enter  the  pulps  of  extracted 
teeth.  First,  it  was  attempted  to  copy  in  vitro  the  alleged  mechanism 
of  pumping  or  sucking  bacteria  into  pulps  of  extracted  teeth  by  way 
of  the  apical  foramen.  These  experiments  were  made  with  suspen¬ 
sions  of  Bacillus  sporogenes  in  broth.  The  appearance  of  this  spore¬ 
bearing,  gas-forming,  gelatine-liquefying,  anaerobic  organism  is 
different  from  the  appearance  of  bacteria  which  may  be  naturally 
present  in  the  pulps  of  extracted  teeth;  it  is  easy  to  identify  this 
organism. 

Procedure:  Freshly  extracted  teeth  are  placed  into  a  lateral  bulge 
or  pocket  blown  in  a  test  tube.  The  tube  contains  the  bacterial 
suspension  which  at  the  beginning  does  not  come  in  contact  with  the 
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teeth  (fig.  I).  'I'he  tube  is  connected  to  a  vacuum  pump,  and  the 
pressure  within  is  lowered  to  about  one-half  atmosphere  or  less, 
rhen  the  tube  is  tilted  so  that  the  teeth  drop  out  of  the  pocket  into 
the  bacterial  suspension  and  atmospheric  pressure  is  reestablished. 


Next,  the  teeth  are  withdrawn  from  the  tube,  ami  their  surfaces  are 
cleaned  mechanically,  and  sterili/.eil  U>llowini;  the  metlunl  of  runni- 
clilT  and  Hammond,  ami  placeil  in  nutrient  gelatine,  a  stdid  culture 
medium,  under  anaerobic  conditu>ns  \fig.  Jb 


.JM  _ 


/•'/}'.  I.  Tost  tutn'  wiili  latenil  Imlge  containing  tootli  to  tx*  “punipo»t.” 

Fiji.  2.  .\nacro!)ic  gelatine  plate  with  five  teeth  in  situ. 

Fij^.  .>.  I’oiir  examples  of  colonies  growing  out  of  apical  foramen. 

Fig.  /.  tielatine  plate  with  two  teeth  in  situ.  .Molar  shows  Iwcterial  growth  iiulicat- 
ng  unsuccessful  sterilizatitm  of  surface  of  crown. 
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In  this  way  surface  contamination  can  be  distinguished  from  growth 
due  to  bacteria  within  the  pulp;  these  bacteria  must  grow  out  of  the 
apical  foramen  to  become  visible  on  the  gelatine  plate,  ('olonies 
grown  because  of  surface  contamination  are,  in  general,  located  at 
other  parts  of  the  surface  of  the  tooth  and  appear  earlier  than  those 
growing  out  of  the  pulp.  Using  the  surface  sterilization  mentioned 
before,  there  was  a  small  incidence  of  surface  contamination.  In  all 


Fig.  5.  Example  of  unsuccessful  sterilization  of  root  surface 


Fig.  6.  Photomicrograph  of  smear  made  from  colony  growing  out  of  apical  foramen 
{B.  sporogenes). 

Fig.  7 .  Photomicrograph  of  Bucitlus  sporogenes  growing  wit  hin  |)ulp  tissue  of  “pumped” 
toot  h . 


cases  in  which  the  bacterial  susitensions  had  been  “[tumped”  into  the 
pulp,  the  very  same  organisms  grew  out  of  the  aitical  foramen  and 
presented  conspicuous  colonies  situated  at  the  location  of  the  foramen. 
h'ig.  .?  shows  e.xamjtles  of  colonies  growing  out  of  the  apical  foramen. 
Figs.  4  and  5  represent  e.xamplesof  contamination  dtie  to  unsuccessful 
surface  sterilization.  Fig.  (>  shows  the  microscopic  aj)|)earance  of 
a  smear  made  from  one  of  the  colonies  grown  out  of  the  ajtical  foramen. 
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Histologic  sections  revealed  the  constant  presence  of  these  organisms 
within  the  pulps  of  the  “pumped”  teeth  {fig.  7).  In  serial  sections, 
it  was  noticed  that  most  of  the  bacteria  were  situated  in  preformed 
canals,  such  as  capillaries,  or  in  spaces  created  by  the  retraction  of 
pulp  tissue  from  the  dentin.  The  results  of  these  experiments  tend 
to  prove  that  pressure  (or  suction)  is  capable  of  causing  bacteria  to 
enter  the  interior  of  pulps.  Such  a  mechanism  may  take  place  during 
extraction,  in  particular  after  the  luxation  of  the  tooth  within  its 
socket  when  the  pulp  tissue  has  been  separated  from  the  periapical 
structures  and  spaces  have  been  opened  capable  of  admitting  micro¬ 
organisms  from  the  neighborhood. 

One  should  be  aware  that  the  mechanism  considered  so  far  is  not 
the  only  conceivable  one  to  explain  satisfactorily  the  presence  of 
microorganisms  within  non-infected  pulps  of  extracted  teeth.  In 
view  of  the  fact  that  open  capillary  spaces  are  present  after  the  luxa¬ 
tion  of  a  tooth,  one  should  consider  that  liquids  contiguous  to  these 
spaces  would  enter  them  by  capillary  attraction.  Whenever  such 
a  liquid  contains  microorganisms,  they  would  enter  with  it  and  be 
carried  within  the  pulp  tissue.  In  reality,  such  a  liquid  is  always 
present  and  is  constituted  by  blood  and  tissue  fluids.  This  liquid  is 
likely  to  contain  bacteria  from  the  gingival  crevice  which  in  this  way 
may  gain  access  to  the  pulp.  This  hypothesis  was  tested  by  a  series 
of  experiments.  In  general,  the  procedure  of  the  first  series  was 
followed  with  the  difference  that  the  teeth  were  not  “pumped”,  but 
dipped  for  a  moment  into  a  bacterial  suspension.  The  results  were 
the  same  as  in  the  first  series.  Following  an  analogous  technique, 
it  could  be  demonstrated  that  the  bacteria  enter  the  pulp  by  capillar>' 
attraction.  Besides  bacterial  suspensions,  India  ink  and  a  dye  solu¬ 
tion  (polychrome  methylene  blue)  were  used;  both  yielded  the  same 
positive  result.  The  dye  solution  penetrated  up  to  about  ^  cm.  into 
the  interior  of  teeth  the  apical  foramina  of  which  had  been  brought 
into  momentary  contact  with  the  solution. 

The  “capillary”  hypothesis  is  capable  of  explaining  why  the  apices 
of  most  extracted  teeth  contain  bacteria.  This  theory  also  accounts 
for  the  fact  that  a  very  thorough  attempt  at  sterilizing  gingivae  and 
gingival  crevices  would  decrease  the  incidence  of  positive  bacteriologic 
findings.  This  may  be  illustrated  by  the  results  of  Austin  and  Cook 
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(3).  These  authors  took  great  care  in  cleaning  periodontal  structures 
before  extraction;  they  tried  to  verify  the  success  of  their  preoperative 
procedures  by  bacteriologic  examination  and  rejected  all  cases  with 
positive  bacteriologic  findings.  In  this  way,  the  incidence  of  positive 
cultures  obtained  from  apparently  healthy  roots  dwindled  down  to 
4  per  cent.  Other  authors,  having  given  less  consideration  to  prepar¬ 
ing  the  operative  field,  report  an  incidence  up  to  more  than  50  per  cent. 

The  process  of  sterilizing  the  outside  of  teeth,  as  proposed  by  Tunni- 
cliff  and  Hammond,  involves  immersing  the  teeth  into  alcohol  and 
phenol.  Therefore,  one  could  argue  as  follows:  If  liquids  enter  the 
pulp  of  teeth  by  capillary  attraction,  alcohol  and  phenol  will  do  the 
same  and,  consequently,  destroy  all  bacteria  which  may  have  entered 
by  capillary  attraction.  Experiments  have  shown  that  such  is  not 
the  case.  This  apparent  contradiction  can  be  explained  by  comparing 
the  surface  tensfon  of  the  disinfectants  with  that  of  the  bacterial 
suspension.  By  measuring  the  height  to  which  the  liquids  in  question 
would  rise  in  a  glass  capillary  of  given  diameter  it  was  found  that  the 
bacterial  suspension  rose  to  a  much  greater  height  than  alcohol  or 
phenol,  confirming  the  fact  that  the  latter  liquids  have  a  rather  low 
surface  tension,  as  is  expected  from  all  good  disinfectants.  This 
difference  accounts  for  the  fact  that  alcohol  and  phenol  do  not  destroy 
all  of  the  organisms  which  have  entered  by  capillarity. 

CONCLUSIONS 

(1)  During  extraction,  bacteria  may  enter  the  pulps  of  teeth  by 
capillary  attraction.  (2)  Even  an  ideal  method  of  sterilizing  the  sur¬ 
face  of  extracted  teeth  would  not  be  capable  of  preventing  this  hazard 
of  contamination.  (3)  Attempts  at  sterilizing  the  operative  field 
tend  to  decrease  the  incidence  of  contamination  of  pulps  during 
extraction. 

Acknowledgement  is  made  to  the  assistance  given  by  Miss  C.  Hammond  in  carrying 
out  this  work. 
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FUSIFORM  ORGANISMS  IN  THE  MOUTH 
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In  a  recent  article  Beust  (1)  expresses  the  conviction  that  none  of 
the  fusiform  bacilli  grown  artificially  are  identical  with  those  as¬ 
sociated  with  Vincent’s  infection.  The  classical  picture  of  fusiform 
bacilli  and  loosely  wavy  spirilla  in  smears  from  acute  ulceromem¬ 
branous  lesions  (Vincent’s  infection)  in  the  mouth  is  comparatively 
simple.  If  this  infection,  however,  occurs  in  a  mouth  containing  soft 
calculus,  badly  diseased  teeth  or  tonsillar  granules  the  picture  is 
confusing  on  account  of  the  presence  of  different  types  of  fusiform 
organisms.  In  smears  from  the  mouth,  fusiform  organisms  more  or 
less  resembling  each  other  are  indiscriminately  described  as  fusiform 
bacilli.  However,  when  they  are  isolated  in  pure  culture  they  are 
found  to  be  different  organisms. 

The  cultivated  anaerobic  organisms  generally  confused  in  smear 
preparations  with  fusiform  bacilli  in  acute  Vincent’s  infection  are: 
the  Spirillum  sputigeneum,  comma-shaped  with  pointed  ends  and 
motile  (2) ;  the  Vibriothrix  tonsillaris  (3, 4),  a  motile  bacillus  producing 
rosette  and  test  tube  brush-like  forms  similar  to  the  Leptoihrix  fal- 
ciformis  of  Beust  (5)  ;  and  a  large,  motile,  single  or  double,  slightly 
curved  organism.  This  organism  was  more  or  less  pointed,  sometimes 
appeared  straight  and  grew  out  into  straight  or  curved  filaments  which 
were  often  knobbed  at  one  end.  Large  swellings  were  observed 
especially  in  short  forms.  Spore-like  bodies  were  seen  inside  the 
organism.  A  membrane  or  capsule  was  frequently  observed  but  no 
flagella  were  demonstrated.  The  organism  stained  metachromatically 
with  Giemsa  stain.  This  organism  was  isolated  from  the  mouth  of 
a  person  with  an  ulceromembranous  gingivitis.  It  grew  slowly  in 
the  fluid  of  condensation  of  ascites  phosphate  agar  but  later  also  on 
the  surface.  It  died  as  soon  as  it  was  separated  from  other  bacteria 
so  I  have  not  published  a  description  of  it. 
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Most  bacteriologists  agree  that  the  organism  isolated  as  a  fusiform 
bacillus  resembles  those  in  acute  Vincent’s  infection.  A  few  of  these 
bacilli  are  normally  present  in  the  mouth  but  occur  in  large  numbers 
in  acute  ulceromembranous  conditions.  They  are  easily  isolated  in 
pure  culture  as  anaerobic,  Gram  negative,  non-motile  bacilli  which 
vary  somewhat  in  size  and  shape.  Recently  Pesch  and  Schmitz  (6) 
have  studied  193  pure  cultures,  Hine  and  Berry  (7)  104  and  Spaulding 
and  Rettger  (8)  80.  They  divide  them  into  various  groups  accord¬ 
ing  to  morpholog}^  and  sugar  and  immunity  reactions.  Pesch  and 
Schmitz  conclude,  however,  that  there  are  not  different  kinds  of 
fusiform  bacilli  but  one  single  “Fusiformes  Bacterium.”  The  few 
motile  strains  isolated  as  fusiform  bacilli  are  probably  one  of  the 
motile  organisms  mentioned  before. 

By  dissociating  (9)  fusiform  bacilli  a  great  variation  in  their  size 
and  shape  occurs.  I  have  shown  that  smooth  colonies  are  made  up 
of  bacillary  forms,  while  filaments,  pleomorphic  forms  and  spirilla¬ 
like  organisms  develop  in  the  dissociated  colonies  containing  the 
rough  factor.  The  differences  in  strains  of  fusiform  bacilli  in  their 
morphology,  colony  formation,  indol  production,  fermentation  and 
immunity  reactions  can  all  be  explained  by  dissociation  of  the  ba¬ 
cillus  (10). 

In  1926  I  (3)  isolated  in  pure  culture  an  anaerobic  organism  which 
produced  rosettes  and  test  tube-like  forms  described  by  Beust  (5, 11), 
Davis  (12)  and  Davis  and  Pilot  (13)  in  soft  calculus  and  actinomyces- 
like  tonsillar  granules.  It  was  isolated  as  a  short  rod  with  square 
or  round  ends  containing  one  or  more  chromatin  granules  which  I 
considered  gonidia.  The  smallest  form  was  a  single  granule  sur¬ 
rounded  by  a  small  amount  of  cytoplasm.  Later  long  straight  or 
wavy  filaments  containing  gonidia  developed.  The  test  tube  brush 
forms  and  rosettes  appeared  to  result  from  the  budding  of  gonidia 
either  inside  the  organism  or  after  their  liberation  so  that  a  test  tube 
brush  resulted  from  the  growth  of  gonidia  in  a  filament  while  a  rosette 
was  formed  by  the  budding  of  a  free  gonidium.  Stars  were  seen  at 
the  ends  of  some  filaments  and  brushes.  Two  filaments  were  seen 
inside  some  brush  forms.  Flagella  were  demonstrated  on  the  ends 
and  sides  of  rods  and  filaments.  In  the  dark-field  young  cultures 
showed  flexibility  and  motility  of  rods,  chains  of  rods  and  filaments. 
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Stars  of  four  showed  great  motility  but  fully  formed  rosettes  and 
brushes  were  not  motile.  I  observed  in  some  7  to  8  day  old  cultures 
long,  thick,  rigid,  non-motile,  spirochete-like  forms  single  or  in  tangled 
masses  coming  from  the  rosettes  or  attached  to  short  rods.  They 
appeared  to  be  flagellar  developments  described  by  others  and  re¬ 
sembled  the  spirals  with  rigid  coils  observed  by  Hine  (14)  in  some  of 
his  fusiform  bacillus  cultures. 

A  second  strain  of  this  motile  organism  was  isolated  from  a  tonsillar 
granule  and  studied  by  Jackson  and  me  (4)  and  called  Vibriothrix, 
a  genus  created  by  Castellan!  to  designate  a  group  of  motile,  pleomor¬ 
phic  organisms.  By  growing  this  strain  on  malt  extract  agar  slants 
we  got  a  more  abundant  growth  and  could  study  the  organism  more 
completely.  Sometimes  the  rosettes  were  made  up  of  filaments 
instead  of  rods  as  in  the  first  strain.  More  frequently  only  one 
filament  was  present  in  a  rosette  of  rods.  In  incompletely  formed 
brushes  the  central  filament,  or  filaments,  sometimes  extended  beyond 
the  test  tube  brush  as  seen  in  smears  from  soft  tartar  and  tonsillar 
granules.  In  smears  stained  with  Giemsa  pink  and  reddish  coccoid 
bodies  were  found  free  inside  rosettes  and  test  tube  brushes.  Blue 
stained  rods  appeared  to  bud  off  from  these  pink  bodies.  Sometimes 
they  appeared  to  be  discharged  from  the  filament.  The  organisms 
in  this  strain  were  also  flexible  and  motile  and  showed  flagella  along 
the  sides  and  ends  of  the  organisms.  These  large,  rigid,  flagellar 
forms  were  seen  in  the  dark-field.  The  motility  of  this  strain  was 
interesting.  When  first  isolated  this  organism  grew  slowly  and  showed 
no  motility.  After  two  months’  isolation  motility  was  observ’ed  but 
only  when  the  organism  grew  out  in  18  hours.  Later  motility  could 
be  demonstrated  in  24  hour  cultures.  This  strain  was  characterized 
by  the  production  of  masses  of  ovoid  and  irregular  bodies  and  fila¬ 
ments,  which  stained  pink  with  Giemsa,  from  which  bacilli  and  fila¬ 
ments  appeared  to  originate  and  around  which  the  stars  and  test  tube 
brush  forms  appeared  to  develop.  This  material  may  correspond 
to  the  gelatinous  or  jelly-like  matrix  surrounding  the  stem  described 
by  Beust  (11)  and  Aisenberg  (15).  Aisenberg  believes  this  matrix 
is  formed  by  spherical  bodies  before  the  “falcate  spores”  develop. 
These  authors  use  the  term  “falcate  spores”  to  designate  the  bacillary 
forms  arranged  about  the  central  shaft  of  filaments.  This  strain  was 
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not  \*irulent  for  guinea  pigs  but  produced  lesions  in  the  lung,  bone  and 
skin  of  rabbits  and  was  isolated  in  pure  culture  from  the  skin  lesions. 
Dean  and  Dean  (16)  appear  to  have  cultivated  this  vibriothrix. 

This  discussion  indicates  the  usefulness  of  studying  pure  cultures  of 
fusiform  organisms  as  an  aid  to  their  classification. 
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Since  Miller  (1)  there  has  been  but  little  study  devoted  to  the 
strictly  morphologic  aspects  of  the  oral  flora,  either  in  the  clinically 
normal  or  in  the  diseased  mouth.  Smith  (2)  recently  has  redirected 
attention  to  the  important  role  that  spirochetal  forms  seem  to  play  in 
the  pathogenesis  of  some  oral  lesions.  Despite  the  exhaustiveness 
of  his  review,  a  clear  concept  of  their  pathogenicity  escapes  us.  In 
Vincent’s  infections  the  fusiform  bacilli  and  spirochetes  are  reputedly 
the  chief  malefactors.  Recently  (10, 16,  20)  doubt  has  been  expressed 
about  their  sole  responsibility  and  somewhat  more  attention  has  been 
devoted  to  the  accompanying  organisms.  Culture  methods  have 
been  employed  in  the  study  of  the  other  bacteria.  Time  does  not 
permit  the  practicing  dentist — or  physician — to  use  these  methods 
routinely.  He  must  rely  on  the  examination  of  stained  smears. 
Neither  a  careful  evaluation  of  smear  diagnoses  nor  a  morphologic 
tabulation  of  bacteria  apparently  normal  to  certain  regions  of  the 
mouth  is  available.  As  a  preliminary  to  a  study  of  Vincent’s  infection, 
this  was  deemed  necessary.  Since  bacteriological  methods  are  em¬ 
ployed  by  the  dentist  almost  exclusively  for  the  diagnosis  of  Vincent’s 
infections,  the  organisms  supposedly  causative  of  this  disease  have 
received  the  greater  attention  in  our  study. 

The  literature  on  oral  bacteria  is  abundant.  Topley  and  Wilson 
(3)  indicate  that  the  normal  flora  comprises  chiefly  micrococci,  staph¬ 
ylococci,  streptococci,  gram  positive  and  gram  negative  bacilli,  and 
spirochetes.  They  do  not  make  a  more  specific  listing.  Gundel  and 
Linden  (4)  ascertained  that  the  four  pneumococci  groups,  the  influenza 

*  This  work  was  aided  by  a  grant  from  Dr.  Lief  and  Mr.  B.  Undenlahl,  Portland, 
Oregon. 
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bacillus,  and  the  Friedlander  bacillus  were  frequently  found  in  healthy 
mouths.  They  determined,  moreover,  that  these  organisms  showed 
a  seasonal  variance  in  incidence,  being  present  in  greater  numbers 
during  the  winter  and  spring  months.  Miller  (1)  reported  the  isola¬ 
tion  of  more  than  one  hundred  different  organisms  from  the  mouth. 
Lloyd  and  Stuart  (5)  doubt  the  value  of  a  study  of  the  oral  flora. 
They  assert  that  the  diflSculty  in  finding  a  healthy  mouth,  together 
with  the  multiplicity  and  variability  of  the  organisms  encountered 
makes  the  establishment  of  bacterial  norms  a  hopeless  task.  Various 
workers  report  the  almost  constant  presence  of  the  alpha  hemolytic 
streptococci  in  the  clinically  normal  mouth.  The  pyogenic  cocci, 
together  with  micrococci  such  as  the  Neisseria,  are  said  to  be  con¬ 
sistently  present. 

Lord  (6)  reported  the  presence  in  the  normal  of  actinomycetoid 
organisms  which  on  guinea  pig  inoculation  produced  lesions  histo¬ 
logically  identical  with  those  of  actinomycosis.  In  five  instances  the 
results  were  culturally  confirmed  while  eleven  cases  (the  five  included) 
showed  organisms  morphologically  identical  with  the  actinomyces. 
In  1936  this  worker  with  Treuet  (7)  stated  that  no  difference  in 
morphology  and  staining  reactions  could  be  detected  between  the 
actinomycetoid  organisms  of  the  mouth  and  the  demonstrably  patho¬ 
genic  actinomyces  of  the  Wolff-Israel  type.  It  was  further  noted 
that  the  cultural  differences  on  continued  development  in  vitro 
vanished — except  for  the  obligate  anaerobiosis  of  the  Wolff-Israel 
organism.  Naeslund’s  reported  fulfillment  of  Koch’s  criteria  for 
pathogenesis  w'as  not  confirmed  but  was,  nevertheless,  regarded  as 
sufficient  justification  for  considering  the  actinomycetoid  organism  as 
a  part  of  the  normal  oral  flora.  Hoffman  (8)  reports  the  isolation  of 
a  leptospira  and  implies  that  it  may  reach  an  incidence  as  high  as  40 
per  cent.  This  organism  has  not  been  obtained  in  pure  culture  and 
its  pathogenicity  is  undetermined.  Smith  found  this  bacterium 
{Leptospira  trimerodonta,  Hoffman,  1921)  in  only  one  of  100  mouths 
he  examined.  No  description  of  the  mouth  or  region  from  which  the 
smear  was  taken  was  mentioned.  Beust  (9)  describes  an  organism, 
Leptothrix  racemosa,  which  he  says  is  frequently  encountered.  The 
identity  of  this  is  doubted  by  Smith.  The  fusiform  bacilli,  which  are 
reputed  to  play  a  symbiotic  role  in  the  etiology  of  Vincent’s  infections. 
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arc  reported  present  in  various  numbers.  Smith  is  of  the  oj)inion 
that  these  organisms  are  present  in  all  mouths  hut  that  any  local 
disease  condition  permits  their  multiplication.  Different  workers 
have  attempted  subdivision  of  this  group  of  bacilli  according  to  their 
morphologic,  cultural,  and  antigenic  structure.  A  recent  work  by 
Smith  (10)  classities  them  on  a  morphological  basis  into  three  groups. 
Hine  (ID  has  reported  the  isolation  of  23  strains  of  the  fusiform  bacilli 
and  suggests  that  the  extent  to  which  they  depress  the  pH  of  sugar 
broth  cultures  could  be  used  as  a  basis  of  classification,  'runnicliff 
(12 1  claims  isolation  in  pure  culture  of  the  fusiform  bacillus  and 
advances  the  hypothesis  that  it  is  but  a  stage  in  the  life  cycle  of  the 
oral  spirillum.  More  recently  Beust  (13)  has  asserted  that  the 
descriptions  of  the  bacilli  have  been  based  on  inadequately  stained 
preparations  and  that  as  a  result  the  morphologic,  cytologic,  cultural, 
and  biochemical  characteristics  are  confused.  He  does  not  believe 
that  as  yet  the  fusiform  bacillus  has  been  cultivated.  C'artmell  (14) 
simultaneously  reports  successful  isolation  of  this  bacillus.  Her  pure 
culture  when  injected  into  two  rats  })roduced  a  Vincent-like  lesion  in 
one.  Varney  i21)  after  an  intensive  study  ascertained  that  mor¬ 
phology  alone  would  permit  rough  classification  of  the  fusiform  bacilli 
into  four  groups.  'I'he  pleomorphism  of  the  strains  and  their  varied 
aj)jx*arance  on  diflerent  culture  media  makes  such  a  distinction  in¬ 
secure.  He  advocates,  consequently,  a  classification  on  a  basis  of 
antigenic  structure.  At  tbe  present  time  considerable  confusion 
about  the  oral  spirochetes  exists.  Smith’s  monograph  follows  the 
classification  of  Noguchi  (15)  and  refers  to  seven  treponemata:  T.  lnc- 
cale,  T.  I'inccnli,  T.  macrodcntiiim,  T.  microdentium,  T.  mucosiim, 
T.  skoliodontiim,  and  T.  ortiwdontum.  In  addition  to  these,  Miller’s 
Spirillum  spuli^cnum  is  said  to  be  omnipresent.  Noguchi  (15)  states 
that  the  T.  vincenti  is  present  in  small  numbers  in  the  normal  mouth. 
Greenberg  and  Greenberg  ( 17 )  reported  7S  per  cent  of  lOfi  smears  from 
healthy  gingivae  as  free  from  spirochetes.  Only  one  of  the  30  spi¬ 
rochete  positive  smears  was  said  to  contain  more  than  a  very  few  of 
these  organisms.  Fifteen  of  the  .?()  showed  fusiform  bacilli  and 
spirochetes  also.  Other  authors  report  varying  incidences  up  to  50 
per  cent.  There  seems  to  be  general  agreement  that  some  of  the 
spirochetes  are  i)resent  in  about  .30  per  cent  of  normal  mouths  but  the 
individual  identity  of  these  spirochetes  is  not  given. 
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The  vibrios  have  of  late  attracted  scant  interest  although  Miller 
devoted  considerable  attention  to  them.  Their  pathogenicity  and 
incidence  in  the  clinically  normal  mouth  has,  so  far  as  we  know,  not 
been  determined.  An  etiological  r61e  in  the  production  of  infectious 
mononucleosis  has  been  suggested  but  not  proved  (22).  Vibrio 
viridans  is  believed  to  play  a  s>Tnbiotic  r61e  with  other  organisms  in 
the  etiology  of  Vincent’s  infections  (10,  16). 

The  reaction  of  the  mouth  organisms  to  Gram’s  stain  has  attracted 
the  interest  of  some  investigators.  Picard’s  results,  reported  by 
Nissle  (18)  indicate  that  during  infancy,  the  lingual  mucosa  is  domi¬ 
nated  by  gram  positive  organisms  but  with  approaching  age  the  gram 
negatives  supervene.  In  oral  diseases  the  greatest  number  of  bacteria 
is  again  gram  positive — 61  of  64  smears  from  diseased  mouths  showing 
gram  positive  organisms  predominating.  He  arrived  at  the  con¬ 
clusion,  on  what  appears  to  us  to  be  an  insufficient  number  of  cases, 
that  the  type  of  diet  did  not  influence  the  ratio  of  gram  positive  to 
gram  negative  organisms. 

It  is  apparent  that,  if  one  is  to  rely  on  a  stained  preparation  in  the 
diagnosis  of  oral  lesions,  a  knowledge  of  the  bacterial  flora  peculiar  to 
the  clinically  normal  mouth  is  essential.  While  numerous  investiga¬ 
tions  of  the  bacterial  inhabitants  of  the  tonsillar  ciypts,  the  alveolar 
sockets,  and  the  pharynx  have  been  made,  w’e  have  been  unable  to 
discover  a  report  on  the  purely  morphologic  aspects  of  the  bacteria 
found  in  various  regions  of  the  mouth.  As  a  preliminary  to  a  study 
of  Vincent’s  infection  this  was  considered  to  be  of  value. 

METHOD 

Fifty  medical  students  and  nurses  permitted  us  to  take  smears  from  their  mouths 
which  were  first  pronounced  clinically  normal  by  a  dentist.  A  normal  mouth  was  arbi¬ 
trarily  defined  as  one  in  which  there  appeared  no  evidence  of  (a)  gum  recession,  (b)  peri¬ 
cementitis,  (c)  gingivitis,  (d)  active  caries,  or  (e)  ulceration.  Four  sites  for  obtaining  the 
smears  were  selected.  These  were  (a)  the  lingual  surface  of  the  lower  incisors,  (b)  the  lin¬ 
gual  surface  of  the  lower-most,  posterior  molar,  (c)  the  entrance  of  Stenson’s  duct,  and  (d) 
the  entrance  of  Wharton’s  duct.  The  first  two  sites  were  selected  on  the  assumption  that 
they  would  be  representative  locales,  the  latter  two  to  ascertain  the  salivary  influence  on 
the  flora.  A  2  mm.  wire  loop,  previously  flamed  to  incandescence,  was  stroked  in  the 
longitudinal  tooth  a.xi3  or  about  the  duct  orifices.  A  drop  of  diluting  fluid  (formalin  10 
drops,  glacial  acetic  acid  20  drops,  water  to  25  c.c.)  was  placed  on  a  clean  new  slide  and 
the  loop  then  used  to  spread  the  fluid  over  a  circular  area  whose  diameter  was  not  over 
1  cm.  This  was  air  dried,  fixed  with  heat,  and  stained  by  our  modification  of  the  Gram 
stain.  The  stain  technic  employed  was  as  follows:  S  per  cent  NaH(X)i  and  1  per  cent 
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gentian  violet  in  proportions  of  4: 15  were  freshly  mixed  and  allowed  to  act  for  7  minutes. 
After  washing  in  water,  Gram’s  iodine  was  applied  for  3  minutes.  Washing  and  decolori- 
zation  was  performed  as  usual.  The  counterstain,  1  per  cent  carbol-fuchsin,  was  applied 
for  40  seconds.  Under  this  routine  the  gram-positive  organisms  assumed  a  deep  reddish 
purple  stain  while  the  gram-negative  were  pink.  This  stain  routine  was  found  to  show 
the  morphology  of  the  spirochetes  to  best  advantage  and  yet  preserve  much  of  the  dif¬ 
ferential  value  of  the  gram  stain. 

A  quantitative  tabulation  of  the  stained  organisms  was  considered  impossible  of 
achievement  owing  to  the  uncertain  factors  of:  (1)  salivary  dilution,  (2)  variation  in  area 
covered  by  the  smear  on  the  slide,  and  (3)  variation  in  area  from  which  the  smear  was 
taken.  A  qualitative  evaluation  was  done,  assuming  that  regardless  of  the  factors  in¬ 
troducing  error  into  the  quantitative  study,  the  proportions  of  the  micro-organisms  to 
each  other  would  remain  relatively  constant.  Accordingly  the  organism  occurring  often- 
est  in  ten  fields  was  rated  four  plus,  the  next  most  frequent  a  three  plus.  If  a  considerable 
number  were  present  but  yet  outnumbered  by  two  other  types,  a  two  plus  rating  was 
given.  Anything  else  present  was  considered  one  plus. 

The  bacteria  were  classified  on  a  basis  of  gram-reaction  and  morphology.  The  basis 
for  differentiating  the  spirochaetes  was  taken  from  Smith  (2)  and  Noguchi  (15).  It  is 
given  here:  1. — T.  buccak.  A  wide  organism  with  irregular  sinuous  coils,  variable  in 
length,  deeply  staining,  and  blunt  ended.  2. — T.  vincenti.  Half  the  thickness  of  T. 
buccale,  irregular  spirals  usually  3  to  6  in  number,  tapering  ends,  readily  stained.  3. — 
T.  macrodeniium.  About  the  size  of  7.  vincenti  but  with  tighter  regular  coils,  short, 
sharp  ends,  and  slighter  staining  intensity.  4. — T.  microdentium.  Thinner  than  the 
above  but  with  tight-set  regular  spirals,  tapered  ends,  and  diminished  staining  intensity. 
5. — T.  mucosum  and  T.  pallidum.  These  two  organisms,  the  former  reputedly  a  symbiote 
in  the  production  of  Vincent’s  infections  and  the  latter  found  in  syphilitic  lesions  of  the 
mouth,  are  morphologically  indistinguishable  from  T.  microdentium.  They  were  in¬ 
cluded  under  the  latter  name,  its  being  understood  that  T.  microdentium  might  signify 
either  that  organism  or  T.  pallidum  or  T.  mucosum.  The  serological  tests  for  S3q>hilis 
were  negative  in  all  the  experimental  subjects  in  this  series  so  it  is  very  unlikely  that 
T.  pallidum  was  included — even  if  it  could  be  stained,  a  feat  reportedly  impossible  of 
achievement  with  the  reagents  used.  6. — T.  skoliodontum.  A  small  organism  with 
irregiilar  coils,  thin  body,  and  tapering  ends,  poorly  staining  and  measuring  over-all  2  to 
4  micra.  7. — T.  orthodontum.  Morphologically  indistinguishable  from  the  skoliodon¬ 
tum  and  included  under  that  name.  8. — Leptospira  trimerodonta.  A  delicate,  thin 
organism  with  tight-set  spirals  and  the  hooked  ends  typical  of  the  leptospirae. 

RESULTS 

The  results  are  summarized  in  the  accompanying  tables.  That 
spirochetes  together  with  fusiform  bacilli  are  found  in  45  out  of  49 
normal  mouths  is  in  itself  suggestive.  Of  the  4  mouths  not  demon¬ 
strating  these  2  organisms,  3  harbored  fusiform  bacilli.  In  at  least 
10  of  the  45  fusiform  bacilli  and  spirochete  positive  mouths,  smears 
were  indistinguishable  from  those  obtained  in  cases  of  acute  Vincent’s 
infections.  It  was  noted  that  when  desquamated  epithelial  cells 
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were  encountered  the  bacteria  usually  occupied  the  periphery  of  the 
cell  with  but  a  few  in  the  paranuclear  region.  This  suggests  that  the 
intercellular  cement  substance  affords  better  growth  facilities  for  the 
bacteria  than  the  cell  itself.  The  portal  of  entry  for  many  pathogens 
may  thus  be  speculatively  explained. 

Table  I  shows  the  incidence  of  the  bacteria  found  in  smears  from 
each  of  the  4  locations  in  the  mouth.  It  is  to  be  noted  that,  while 
a  certain  bacterium  may  be  present  in  a  high  per  cent  of  cases,  it  does 
not  necessarily  dominate  the  field.  The  gram  positive  bacilli  are 


TABLE  I 

Principal  bacterial  forms  encountered  in  50  normal  mouths 


TYPE  OF  OftGANISMS 

FEE  CENT  INCIDENCE 

FEE  CENT  IN  WHICH  FEEDOIQ- 
NATINO 

Gram  -p  bacillus . 

82 

86 

80 

90 

54 

30 

36 

Gram  —  bacillus . 

80 

86 

86 

78 

20 

10 

Gram  -|-  staphylococcus . 

70 

78 

54 

60 

14 

28 

18 

Vibrio . 

56 

64 

48 

40 

0 

0 

4 

0 

Gram  -f  diplococcus . 

42 

34 

72 

64 

0 

2 

22 

8 

Gram  Coccobacillus . 

38 

24 

30 

56 

0 

4 

6 

12 

Gram  —  staphylococcus . 

22 

20 

14 

18 

0 

4 

0 

4 

Gram  -H  streptococcus . 

22 

26 

16 

22 

0 

0 

0 

0 

Gram  —  diplococcus . 

18 

22 

36 

24 

0 

0 

4 

0 

Gram  —  coccobacillus . 

8 

14 

30 

16 

0 

2 

2 

0 

L.L.A.  =  Lower  Lingual  anterior  region. 

L.P.M.  =  Lower  posterior  molar. 

S.D.  =  Stenson’s  Duct. 

W.D.  =  Wharton’s  Duct. 

exceptions  to  this,  as  they  tend  to  predominate.  Gram  positive 
staphylococci  are  present  in  greater  frequence  and  greater  numbers 
in  the  region  of  the  posterior  inferior  molar  than  at  any  other  site. 
This  may  be  of  some  help  in  explaining  the  fact  that  this  region  is 
the  commonest  site  of  post-extractive  infectious  complications. 

A  significant  fact  is  revealed  in  Table  II.  The  frequency  of  occur¬ 
rence  of  the  spirochetal  forms  about  the  teeth  and  their  relative 
scarcity  about  the  orifices  of  the  ducts  suggests  one  of  two  things: 
either  the  teeth  afford  some  growth  promoting  factor,  or  the  saliva 
exerts  an  inhibitory  effect.  It  is  apparent  from  the  facts  here  that  the 
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diagnosis  of  a  Vincent’s  infection  chiefly  on  the  finding  of  fusiform 
bacilli  and  spirochetes  ought  to  be  made  with  caution,  especially  if 
the  lesion  is  in  the  paradental  region.  Table  III  substantiates  this 
assertion.  Here  it  will  be  observed  that  the  incidence  of  fusiform 


TABLE  II 

Regional  incidence  of  the  various  treponemata  in  50  normal  mouths 


OKGANXSICS 

FEB  CKNT  mClDBNCB 

L.LA. 

L.P.M. 

S.D. 

W.D. 

32 

20 

8 

2 

56 

48 

8 

1 

36 

22 

8 

0 

20 

20 

16 

2 

12 

4 

2 

0 

0 

TABLE  III 

Co-incidence  of  spirochetes  and  fusiform  bacilli  in  50  normal  mouths 


i 

OBGAlflSMS 

FBI  CENT  INCIDENCE 

LXA. 

L.PJ4. 

S.D. 

W.D. 

Spirochetes  and  fusifonns . 

88 

78 

16 

14 

Spirochetes  without  fusifonns . 

2 

0 

10 

4 

Fusifonns  without  ^irochetes . 

2 

0 

0 

T.\BLE  IV 


Regional  distribution  of  fusiform  bacilli  and  actinomycetoid  forms  in  50  normal  mouths 


OBCANlSlf 

PEB  CENT  INCIDENCE 

L.L.A 

Lf.M. 

S.D. 

W.D. 

88 

80 

16 

14 

61  ' 

64 

1 

38 

41 

bacilli  and  spirochetes  is  quite  high  in  the  region  of  the  teeth  but  very 
low  near  the  ducts.  It  is  also  noteworthy  that  the  presence  of  spi¬ 
rochetes  unaccompanied  by  fusiform  bacilli,  or  the  reverse,  is  rare. 
Tunnicliff’s  theory  of  the  identity  of  these  two  organisms  offers  an 
interesting  tentative  explanation. 
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Of  particular  interest  to  us  was  the  high  incidence  of  actinomycetoid 
forms  and  of  fusiform  bacilli,  as  shown  in  Table  IV.  Castellani  (23) 
and  MacFarlan  (24)  have  described  mouth  infections  due  to  patho¬ 
genic  forms  of  a  morphology  similar  to  the  organisms  .we  observed. 
It  would  seem  plausible  that  these  organisms  may  be  potentially 
pathogenic  and  that  they,  under  conditions  of  lowered  local  resistance, 
may  play  a  primary  r61e  in  the  production  of  a  clinical  syndrome 
readily  mistaken  for  Vincent’s  infection.  It  is  our  opinion  that  the 
part  the  higher  bacterial  forms  play  in  the  production  of  mouth 
pathology  has  not  been  sufficiently  investigated.  The  approach  to 
this  must  be  through  a  study  of  the  organisms  present  in  the  clinically 
normal  mouth.  Table  IV  indicates  the  high  incidence  in  this 
variety  of  mouth. 

DISCUSSION 

From  the  standpoint  of  oral  diseases,  particularly  Vincent’s  infec¬ 
tion,  it  would  appear  that  the  smear  examination  is  open  to  misin¬ 
terpretation.  It  is  apparent  that,  if  10  out  of  45  non-diseased  mouths 
show  the  bacterial  picture  of  an  acute  Vincent’s  infection,  smears  in 
such  instances  could  readily  lead  one  to  consider  himself  dealing  with 
a  Vincent’s  infection  when  actually  the  lesion  was  of  another  etiology 
and  entirely  masked  by  the  bacterial  picture  of  Vincent’s  infection — 
a  picture  we  conclude  is  normal  to  20  per  cent  of  non-diseased  mouths. 
Clinical  signs  must  be  held  of  more  importance  than  a  bacterial  ex¬ 
amination  and,  even  in  the  presence  of  typically  positive  slides,  if 
the  clinical  appearance  is  not  complete  the  diagnosis  of  a  Vincent’s 
infection  is  insecure. 

The  importance  of  fungi  in  mouth  diseases  ought  not  to  be  over¬ 
looked.  In  the  examination  of  the  200  slides  here  reported,  we  were 
impressed  by  the  frequency  of  occurrence  of  the  higher  bacterial  forms. 
Because  of  their  morphologic  similarity  to  the  actinomyces,  all  were 
recorded  under  the  heading  of  actinomycetoid  organisms.  Any  rela¬ 
tively  long  filamentous  form  which  showed  almost  rectangular  ends 
or  evidence  of  branching  was  included  in  this  category.  The  ease  of 
mistaking  a  higher  for  a  lower  bacterial  form  in  routine  smear  exami¬ 
nations  is  obvious.  A  fragment  of  a  mycelium,  were  one  not  partic¬ 
ular  to  note  the  usual  abruptness  of  the  ends,  could  be  mistaken  for 
a  fusiform  bacillus. 
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The  validity  of  a  morphologic  classification  of  the  various  trepone¬ 
mata  must  be  questioned.  As  yet  not  all  the  oral  treponemata  have 
been  obtained  in  pure  culture.  Consequently,  limits  of  specific  mor- 
pholog>"  have  not  been  defined,  nor  may  one  exclude  the  possibility, 
for  example,  of  T.  skoliodontum  being  a  post-divisional  or  variant  phase 
of  T.  vincenti.  The  mere  fulfillment  of  morphologic  criteria  does  not 
constitute  identification.  The  various  treponemata  as  yet  unstudied 
in  pure  culture  may  have  forms  which  coincide,  under  certain  condi¬ 
tions,  with  those  attributed  to  the  more  thoroughly  studied  species. 
One  is  probably  justified  in  concluding,  if  a  number  of  organisms  in 
a  preparation  answer  the  description,  that  one  of  the  better  studied 
species  is  present.  The  identification  of  individual  organisms  is  as 
yet  impossible. 

More  recent  studies  of  anaerobic  mouth  bacteria  may  contribute 
much  to  a  better  understanding  of  oral  diseases.  Gins  (25)  has  dis¬ 
covered  new  anaerobic  forms  which  may  play  an  imporant  r61e  in  the 
production  of  disease.  The  newly  discovered  Bacterium  melanino- 
genicum  (25  and  26)  may  have  considerable  importance  not  only  in 
oral,  but  also  in  systemic  disease. 

We  feel,  as  a  result  of  this  incomplete  study,  that  the  diagnosis  of 
Vincent’s  infection  from  a  smear  preparation  alone  ought  not  to  be 
made.  If  a  positive  slide  is  found,  it  should  be  considered  of  little 
significance,  since  we  have  found  that  some  20  per  cent  of  clinically 
normal  mouths  show  fusiform  bacilli  and  spirochetes  in  numbers 
sufi&cient  to  warrant  a  diagnosis  of  acute  Vincent’s  infection.  The 
negative  slide  in  the  presence  of  positive  clinical  signs,  however,  should 
cause  one  to  consider  a  diagnosis  of  Vincent’s  infection  with  skepticism. 

SUMMARY 

An  investigation  and  morphological  tabulation  of  the  bacteria 
found  in  4  locations  in  50  clinically  normal  mouths  is  reported.  From 
the  high  incidence  of  fusiform  bacilli  and  spirochetes,  it  is  concluded 
that  the  diagnosis  of  Vincent’s  infection  chiefly  on  the  appearance  of 
a  smear  preparation  is  of  questionable  accuracy.  Attention  is  directed 
to  the  frequent  occurrence  of  higher  bacterial  forms. 

The  author  wishes  to  thank  Prof.  H.  L.  Sears,  Dr.  Arthur  W.  Chance  and  the  various 
members  of  the  Dental  Medicine  staff  for  many  suggestions. 
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SALIVA  AND  ENAMEL  DECALCIFICATION' 

II.  Saliva  Separator 

J.  T.  GORE,  D.D.S. 

Philadelphia,  Pa. 

A  vast  amount  of  research  work  has  been  done  on  the  physical, 
chemical  and  physiological  properties  of  saliva  in  relation  to  dental 
caries.  The  results  thus  far  have  been  conflicting  and  unsatisfactor\\ 
Following  a  study  on  saliva  and  enamel  decalcification,*  further 
experiments  revealed  a  lack  of  uniformity  of  results  and  it  became 
evident  that  the  cause  or  causes  of  the  inconsistencies  must,  if  possible, 
be  determined  and  eliminated.  These  inconsistencies  might  be  the 
result  of  a  number  of  factors  including  diet,  drugs,  mastication,  nerve 
stimulation,  emotions,  smoking,  variations  in  activity  of  the  three 
sets  of  salivary  glands  and  changes  in  composition  or  amounts  which 
take  place  during  24  hours.  As  no  standardized  method  for  collecting 
saliva  has  been  universally  adopted  it  is  not  surprizing  that  these 
inconsistencies  should  exist. 

In  normal  individuals  mastication  greatly  increases  the  flow  of 
saliva  but  the  effect  of  chewing,  on  the  secretions  from  the  individual 
sets  of  glands,  has  never  been  determined,  to  the  author’s  knowledge, 
either  qualitatively  or  quantitatively.  The  chemical  and  physical 
properties  of  the  secretions  from  the  sublingual  and  submaxillary 
glands,  which  I  have  termed  mandibular  saliva,  are  believed  to  be 
similar  in  character,  both  being  opaque  and  viscous  and  containing 
amylolytic  enzymes  and  a  high  percentage  of  mucin.  The  parotid 
saliva  is  usually  colorless,  transparent,  of  low  viscosity  and  greater 
concentration  of  enzymes.  It  contains  a  relatively  small  amount 
of  mucin. 

It  can  be  readily  appreciated  that  an  unequal  response  to  stimu- 

‘  Read  at  a  meeting  of  the  Academy  of  Stomatology,  Research  Section,  Philadelphia, 
May  14,  1937. 

*  Gore,  J.  T.,  D.  Cosmos,  77:  942,  1935. 
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lation  by  the  mandibular  and  parotid  glands  would  alter  the  chemical 
and  physical  characteristics  of  the  whole  saliva.  It  is  also  probable 
that  stimulation  of  the  mandibular  and  parotid  glands  alters  the 
chemical  and  physical  properties  of  their  secretions.  Of  the  above 
mentioned  factors  influencing  the  chemical  and  physical  properties 
of  saliva  all  can  be  readily  eliminated,  or  controlled,  except  variations 
in  the  quantities  of  saliva  secreted  by  the  two  sets  of  glands.  Ac¬ 
cordingly  a  method  had  to  be  devised  to  separate  the  parotid  from 
the  mandibular  saliva. 

A  diagramatic  drawing  of  an  appliance  for  collecting  these  two 
secretions  simultaneously,  referred  to  herein  as  the  separator,  devised 
by  the  author,  is  shown  in  fig.  1. 

The  two  rubber  cups  (C)  are  fitted  over  the  openings  of  the  ducts  of  parotid  glands  and 
held  in  place  by  the  heavy  U  shaped  wires  (U)  which  extend  around  the  comers  of  the 
mouth  and  terminate  in  small  hard  mbber  discs  (D)  which  gently  grasp  the  cheeks.  The 
heavy  wires  (U)  are  held  in  proper  relation  to  each  other  by  the  light,  adjustable  spring 
wire  (A).  The  rubber  cups  are  rectangular  in  shape  with  rounded  comers  and  are  33  mm. 
long  and  25  mm.  wide,  the  deepest  portion  being  12  mm.  From  the  lower  anterior  comer 
hollow  extensions  (X)  receive  the  flexible  mbber  tubes  (R)  which  are  about  13  cm.  long; 
these  are  united  by  the  Y-shaped  glass  tube  (G)  which  is  connected  by  a  piece  of  mbber 
tubing  15  cm.  long  to  the  graduated  test  tube  (P)  which  receives  the  secretion  from  both 
parotid  glands.  Small  metal  tubes  (W)  extend  from  the  anterior  portion  of  the  mbber 
cups  to  a  point  outside  of  the  mouth  and  admit  air  when  suction  is  produced  by  the 
suction  bulb  (B).  The  anterior  and  lower  anterior  portions  of  the  cups  receiving  the  heavy 
wire  (U),  the  mbber  tubes  (R)  and  metal  tubes  (W)  are  made  of  hard  mbber,  the 
remainder  being  made  of  soft  flexible  mbber.  Near  the  outer  surface  of  the  mbber  disc 
(D)  is  an  attachment  to  receive  the  adjustible  mbber  strap  (S)  which  fits  around  the  head. 
The  saliva  ejector  (£)  collects  the  mandibular  saliva  and  discharges  it  through  mbber 
tubing  25  cm.  long  into  test  tube  (M)  when  suction  is  produced  by  bulb  (B).  Both  test 
tubes  are  fitted  with  mbber  corks  each  with  2  holes  through  which  glass  tubes  extend,  one 
to  convey  the  saliva  to  the  test  tube,  the  other  connected  by  means  of  mbber  tubing  10 
cm.  long  to  a  Y-shaped  glass  tube  to  which  the  suction  bulb  is  attached  by  mbber  tubing 
35  cm.  long.  Wlien  the  suction  bulb  is  compressed  and  released  a  partial  vacuum  is 
produced  in  the  test  tubes  which  is  conveyed  to  the  mbber  cups  and  saliva  ejector 
simultaneously,  causing  the  parotid  saliva  to  collect  in  test  tube  (P)  and  the  mandibular 
saliva  to  collect  in  test  tube  (M).  The  cloth  test  tube  bolder  (V)  is  suspended  around  the 
neck  and  the  metal  hook  (H)  is  fastened  to  the  upper  part  of  the  clothing. 

The  front  view  of  the  mbber  cup  {upper  left  drawing)  shows  the  inside  of  the  cup  look¬ 
ing  through  the  cheek  disc  (D)  and  head  strap  (S)  with  its  attachment  and  shows  the 
relative  position  of  these  parts.  The  shaded  portion  represents  hard  mbber  and  the 
imshaded  portion  represents  soft  mbber.  The  lower  right  drawing  shows  a  section  through 
the  mbber  cup  (C)  and  cheek  disc  (D)  indicated  by  the  line  z-z.  It  shows  the  relative 
position  of  these  parts  and  of  the  head  strap  attachment  and  the  position  of  extension 


►D  P 


SALIVA  SEPARATOR 


71 


(X),  tulx'  (W)  and  wire  (U).  The  shaded  portion  is  hard  ruhixr  and  the  unshaded  pf>rtion 
is  soft  rublxr.  That  i)ortion  of  the  appliance  which  is  adjusted  to  the  mouth  can  Vh?  de¬ 
tached  and  placed  in  a  suitable  sterilizing  solution  when  not  in  use. 


Fk'..  1.  Saliva  seiKirator 


I'his  appliaiup  maki-s  it  jHissihli*  to  ilctormino  the  amounts  ol 
saliva  sirrutiTl  l)v  tlu*  parotul  ami  mamlilnilar  glamls  uiulor  varyinn 
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conditions  such  as  diet,  stimulation,  absence  of  stimulation,  diurnal 
and  nocturnal  variations,  and  also  makes  it  possible  to  determine  the 
individual  chemical  and  physical  properties  of  the  secretions  from  the 
two  sets  of  glands  under  these  varving  conditions. 


UnstlTnulated  saliva! Stimulated  saliva 

Ki<;.  2.  Xumljtr  of  cc.  of  saliva  secreted  per  hour 


From  investigations  on  the  author’s  own  saliva  as  collected  with 
this  apparatus  the  following  facts  were  noted:  'I'he  amounts  of  un¬ 
stimulated  saliva  secreted  by  the  two  sets  of  glands  between  meals 
during  the  day  on  a  balanced  diet  were  about  equal,  the  parotid  saliva 
usually  being  slightly  in  excess  of  the  mandibular  saliva  as  shown  on 
fi^.  3,  the  amounts  being  20  cc.  of  j)arotid  saliva  and  l‘>  cc.  of  mandib- 
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ular  saliva  per  hour.  Stimulating  the  secretion  by  chewing  paraffin 
vigorously  greatly  increased  the  amount  of  saliva,  by  far  the  greater 
increase  being  that  of  the  parotid.  While  the  mandibular  saliva 
increased  from  19  cc.  per  hour  to  36.4  cc.  per  hour  the  parotid  saliva 
increased  from  20  cc.  per  hour  to  120  cc.  per  hour.  At  night  there 
was  a  decrease  in  the  amount  of  saliva  secreted  by  both  sets  of  glands, 
this  decrease  usually  being  more  marked  with  the  parotid  saliva. 

The  amounts  secreted  by  the  2  sets  of  glands  over  the  24  hour 
period,  taken  at  2  hour  intervals,  on  a  high  and  a  low  carbohydrate 
diet  are  shown  in  figs.  3  and  4.  Meal  time  is  indicated  by  the  vertical 


per  hour  on  low  carbohydrate  diet.  per  hour  on  high  carbohydrate  diet. 

lines;  the  light  lines  represent  the  thin,  transparent  parotid  saliva 
and  the  heavy  lines  represent  the  opaque,  viscous  mandibular  saliva. 
The  abscissae  represent  the  hours  at  which  the  collection  of  saliva  for 
that  test  was  started  and  the  ordinates  represent  the  quantity  of 
saliva  in  cc.  per  hour  secreted  at  that  period.  It  was  not  always 
possible  to  arrange  meals  so  that  the  saliva  for  the  succeeding  test 
was  collected  immediately  after  eating,  but  in  a  number  of  such  tests, 
when  it  was  possible,  it  invariably  showed  a  marked  increase  in  the 
amount  of  the  secretion  from  both  sets  of  glands. 

It  will  be  observed  that  changes  in  amounts  of  the  secretions  from 
the  2  sets  of  glands  also  take  place  as  the  result  of  changes  in  diet. 
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On  a  high  carbohydrate  diet  there  is  a  marked  increase  in  the  amount 
of  mandibular  saliva.  Subsequent  reports  will  show  that  this  has 
a  direct  bearing  on  the  process  of  enamel  decalcification. 

It  will  be  appreciated  that  the  unequal  changes  in  the  amount  of 
saliva  secreted  by  the  2  sets  of  glands  under  the  varying  conditions 
shown  above  would  have  a  marked  effect  on  the  chemical  and  physical 
characteristics  of  the  whole  saliva  and  probably  account  for  the 
discrepancies  in  the  results  heretofore  obtained.  By  the  use  of  the 
separator  and  by  controlling  the  factors  influencing  the  changes  in 
amounts  and  composition  of  the  saliva  it  was  possible  to  obtain 
uniform  results.  Some  of  the  chemical  and  physical  properties  of 
saliva  from  the  2  sets  of  glands  on  vaiying  diets  will  be  reported  in 
subsequent  papers.  -\n  attempt  \N'ill  be  made  to  evaluate  the  relative 
importance  of  the  various  factors  that  enter  into  the  problem  of 
dental  caries  as  outlined  in  my  preliminaiy  report,*  viz: carbohydrate 
content  of  saliva,  the  diastatic  action,  autolysis  and  alkaline  reserve. 

*  Gore,  J.  T.,  D.  Cosmos,  77:  942,  1935. 


PURPOSE  AND  FUNCTION  OF  AN  INSTITUTE  OF  CLINIC.\L 
ORAL  PATHOLOGY* 


THEODOR  BLUM,  D.D.S.,  M.D. 

New  York  Institute  of  Oral  Pathology,  New  York 

The  study  and  teaching  of  oral  pathology  occupy  a  minor  and  unim¬ 
portant  position  in  most  of  our  dental  schools  today.  The  dental 
profession  in  general  shows  very  little  or  only  negligible  interest  in 
this  subject.  The  lack  of  understanding  and  cooperation  of  the  oral 
surgeon  and  periodontist  with  the  oral  pathologist  is  inexcusable. 
Are  there  ways  and  means  to  improve  present  conditions  and  to  arouse 
more  interest  and  understanding  first  of  all  in  influential  professional 
circles,  the  dental  school  teachers,  dentists  in  hospitals  and  clinics, 
and  lecturers?  The  formation  of  small  groups  in  all  larger  cities, 
either  in  connection  with  dental  schools  and  dental  departments  of 
hospitals,  or  independently,  when  necessary,  for  the  purpose  of  creat¬ 
ing  a  desire  for  study  and  research  in  this  neglected  but  very*  important 
subject  will  pave  the  way  for  a  brighter  future.  Every'  patient  may 
then  receive  prop)er  care  and  treatment  in  accordance  wdth  our  present 
knowledge  and  understanding,  if  advantage  is  taken  of  the  services 
offered  by  such  a  group.  Professional  politics  and  personal  likes  and 
dislikes  must  be  discarded  and  general  practitioners  and  specialists 
must  prove  themselves  first  of  all  ethical  men  and  w’omen  interested 
only  in  finding  the  best  and  most  successful  treatment  for  the  patient. 
Without  such  cooperation  the  accomplishments  will  be  unduly  ham¬ 
pered  and  delayed. 

Such  a  group  may  be  called  an  Institute  of  Clinical  Oral  Patholog>’. 
It  should  be  organized  for  the  study  and  advancement  of  oral 
pathology,  particularly  to  correlate  clinical  findings,  roentgen  ray 
examination  and  histopathological  evidence,  and  to  disseminate  such 
knowledge  to  the  members  of  the  institute  and  the  medical  and 

'Read  at  a  meeting  of  the  American  Association  for  the  .Advancement  of  Science, 
Atlantic  City,  New  Jersey,  December  28,  1936. 
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dental  professions.  Although  it  should  maintain  a  medical  laboratory 
it  must  not  be  founded  for  profit,  and  the  income  from  any  source 
must  be  used  for  its  maintenance  and  for  the  furtherance  of  its  ob¬ 
jectives  only. 

A  council  is  formed  to  take  care  of  the  business  of  the  institute. 
To  fulfill  the  institute’s  obligations  it  arranges  for  monthly  conferences 
held  during  the  regular  season.  Attendance  is  limited  to  a  mem¬ 
bership  of  one  hundred,  to  be  composed  of  general  medical  and  dental 
practitioners  and  all  specialists  interested  in  this  field.  Presentation 
of  cases,  reports  of  cases  and  a  short  paper — all  of  a  practical,  clinical 
nature — followed  by  free  discussion  by  members  and  guests  make  up 
the  monthly  programs.  The  proceedings  of  these  conferences  should 
be  published  either  in  affliation  with  another  journal  or  possibly  in 
a  publication  of  its  own.  Presentations  and  reports  of  cases  are  best 
limited  to  ten  minutes,  papers  to  thirty  minutes.  All  members  are 
invited  to  participate  in  the  discussion. 

To  facilitate  the  complete  study  of  cases  the  laboratory  of  the  in¬ 
stitute  is  prepared  to  serve  its  members  first  of  all,  but  also  outsiders 
in  deserving  and  interesting  cases.  However,  examinations  should 
be  made  only  of  specimens  accompanied  by  the  history  of  Che  case, 
roentgenographs  and  other  relevant  data.  This  is  necessary  because 
the  institute  also  acts  as  a  registry,  so  that  every  member  may  call 
on  the  institute,  when  studying  any  particular  subject  of  our  field. 
The  importance  and  advantage  of  such  a  registry  is  self-evident. 
Scientific  exhibits  can  also  be  used  to  make  both  professions  familiar 
with  the  studies  of  such  a  group  and  to  disseminate  the  knowledge 
and  experience  gained. 

Necessarily  such  an  institute  depends  on  financial  backing  which 
is  gained  from  a  number  of  sources;  first,  of  course,  from  membership 
dues  and  then  to  a  considerable  extent  from  benefactors  and  donors. 

This  program  is  based  on  practical  experience  gained  through 
association  with  The  New  York  Institute  of  Clinical  Oral  Pathology, 
which  is  now  entering  its  fifth  year  of  activities.  For  study,  research 
and  teaching  the  Institute  has  at  its  disposal  a  library  of  medical  and 
dental  books,  journals  (approximately  4000  volumes)  and  reprints  and 
a  collection  of  case  histories  nearing  10,000  in  number;  wet  and  dry 
anatomical  specimens  of  the  head  and  jaws;  209  plaster  casts,  15 
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moulages,  1274  lantern  slides;  pathological  material  amounting  to 
1063  specimens  and  many  times  that  number  of  microscopic  slides. 
A  particular  innovation  of  the  Institute  is  the  scientific  exhibits. 
They  consist  of  photographs  of  patients  together  with  plaster  casts, 
roentgenographs  and  microphotographs  mounted  on  cardboards 
(15''  X  15")  demonstrating  in  a  practical  and  comprehensive  way 
interesting  and  instructive  cases.  The  collection  now  numbers  249 
cardboards  illustrating  186  cases.  The  council  meets  once  a  month 
and  the  Institute  has  conferences  monthly,  from  October  to  May 
inclusive;  fellows’  pathological  conferences  take  place  twice  monthly. 
Examinations  of  specimens  and  other  laboratory  examinations  are 
made  for  reduced  fees  or  free,  if  patients  are  deserving.  Therefore, 
there  is  no  excuse  for  neglect.  However,  these  studies  are  performed 
only  if  a  complete  history,  including  roentgenographs,  models  and 
photographs  accompany  the  request  for  examination,  so  that  the 
Institute  continuously  increases  its  material  for  study.  The  Institute 
also  receives  specimens  for  examination  from  distant  parts  of  the 
country.  Not  only  local  members  of  dental  teaching  staffs  but  also 
many  foreign  visitors  attend  the  meetings.  All  dental  internes  in 
the  hospitals  of  Greater  New  York  are  invited  and  receive  monthly 
announcements.  Scientific  exhibits  have  been  shown  many  times 
before  national,  state  and  local  medical  and  dental  societies  and 
a  number  of  papiers  have  been  prepared  under  the  auspices  of  the 
Institute. 

Annual  grants  have  been  received  from  the  Research  Commission 
of  the  A.D.A.  and  the  American  Society  of  Oral  Surgeons  and  Ex- 
odontists.  Benefactors,  donors,  fellows  and  members  contribute 
towards  the  maintenance  of  the  Institute  and  its  laboratory. 

This  is  the  first  institute  of  its  kind.  It  is  important  that  every 
large  teaching  institute  and  hospital  follow  this  example  to  further 
the  study  and  knowledge  of  clinical  oral  pathology,  which  up  to  now 
has  been  neglected.  With  many  centers  established,  arrangements 
can  easily  be  made  for  the  exchange  of  complete  histories  (includ¬ 
ing  roentgenographs,  microscopic  slides,  photographs,  models  and 
moulages)  in  important  cases.  To  reach  this  worthy  goal  the  hearty 
cooperation  of  every  practitioner  is  hoped  for  and  invited. 

“The  dissemination  of  knowledge  by  exchange  of  thought  and 
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experience  among  oral  surgeons  and  other  medical  and  dental  spe¬ 
cialists  as  well  as  the  general  medical  and  dental  practitioners  at 
frequent  conferences,  where  cases  are  presented  or  reported  and 
discussed  freely  and  honestly  by  all  these  participants,  would  prac¬ 
tically  reach  the  ideal,  if  supported  in  their  efforts  by  an  institute 
where  not  only  pathological  laboratory  examinations  can  be  made, 
but  which  can  also  act  as  a  registry  for  the  collection  of  material  for 
the  further  study  of  any  subject  in  our  field.”* 

‘Theodor  Blum,  J.  D.  Res.,  13:  129,  1933. 


